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CHAPTER I. INTRODUCTION 
Since the late 1920's United States agriculture has 
been characterized by commodity surpluses, over production, 
depressed product prices, increasing factor prices and 
declining relative income. Early agricultural research 
programs and policy measures were oriented toward problems 
involving the supply and demand for agricultural commodities. 
These research projects and policy proposals dealt only with 
the symptoms of the problems of the American farmer. They 
overlooked the possibility of approaching agricultural 
adjustment problems from the resource supply side of the 
production function. Only recently have there been attempts 
to study agricultural problems from the input side. This 
study was conceived and developed for the purpose of 
providing more detailed information about farm machinery as 
an input in agricultural production. The information 
obtained from this study when combined with that of studies 
of the demand for farm buildings and improvements and farm 
labor will provide a basis for predicting future changes in 
the resource structure of agriculture. 
Before proceeding with a detailed discussion of the 
domestic demand for new farm machinery, a few comments about 
observed structural changes in agriculture are in order. The 
next few paragraphs are devoted to an explanation of the time 
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trend of variables and relationships which have caused 
changes in the organization of American agriculture. 
Historical Trends - United States 
The historical trends exhibited by some of the relation­
ships which serve as indicators of the changing structure of 
agriculture give valuable insight into the determinants of 
existing conditions in agriculture. Trends depicting changes 
in agriculture reflect the pressures faced by individual 
farmers. The changing organization of agriculture is the 
result of changing rates of marginal productivity of resource 
bundles as new technologies are applied to traditional 
productive processes. That is to say, the marginal rates of 
factor substitution among agricultural input categories 
are changing. 
The factor mix in agriculture has been altered as 
marginal rates of factor substitution have changed. A factor 
mix consistent with maximizing the objective function of the 
industry and the firm is desired. If the profit motive is 
applicable to agriculture, first order conditions for profit 
maximization can be specified. The first order conditions 
specify that inputs should be used until the marginal rates 
of substitution between inputs is equal to their respective 
price ratios. In the two variable input cases this would be 
where the marginal rate of substitution of factor 1 for 
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factor 2 is equal to the ratio of the price of the first 
factor to the price of the second factor, ~ 
The need for a continually changing factor mix has placed 
severe stress on the managerial abilities of the farm popula­
tion. Farmers must give careful consideration to relation­
ships involving labor, various types of capital stock and 
management skills. 
Aggregate output and input 
Since the late 1920's or early 1930's, agricultural 
production has shown rapid annual increases. The gradual 
increase in agricultural output prior to 192^  resulted from 
the methodical settlement of new farm lands, the subsequent 
application of new labor supplies and a static state of 
technology. Total agricultural output increased 62.$% from 
19^  to 1963. Table 1.1 shows that the rapid increases in 
output after the 1930's resulted from increased productivity 
per unit of input and not from application of additional 
inputs. 
Rapid increases in resource productivity have enabled 
American farmers to increase the number of persons supplied 
farm products by one farm worker. In I88O, one farm worker 
supplied farm products for 5«57 people. By 1920, that 
figure had risen to 8.27 and was 10.69, 15.^ 7, 25.85 and 
30,7^  for the years 19^ 0, 1950, I960 and 1963 respectively. 
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Table 1.1. Index numbers of farm output, inputs and produc­
tivity United States, selected years& 
Year Farm Production Produc-
output inputs tivity 
(1957-59=100) 
1880 31 53 58 
1900 48 73 60 
1920 59 93 63 
1925 59 95 62 
1930 
1940 
61 97 63 
70 97 72 
1945 81 99 82 
1950 86 101 85 
1955 96 102 94 
i960 106 101 105 
1963 112 102 110 
A^dapted from United States Department of Agriculture. 
Statistical Bulletin No. 233. 196^ . 
Output per farm worker has increased faster than population. 
Between I910 and 19^ 0, population increased by ^ 3 percent. 
The number of persons supplied farm products by one farmer 
increased 51 percent during the same period. Between 1950 
and 1963, population increased 2h percent. In 1963 a single 
farmer supplied farm products for 30.74 people, a 98.7 
percent increase from 1950. 
Has the input mix in agriculture changed or has some 
other influence generated the increase in resource produc­
tivity indicated in Table 1.1? Until the middle 1930's the 
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ratio of purchased to non-purchased inputs remained very 
nearly constant. However, the ratio of purchased to non-
purchased inputs became progressively larger after 1930. 
From 1900 to 193^ , purchased inputs made up only about 30 
percent of total farm inputs. After 193^  the proportion of 
total inputs which were purchased increased rapidly as shown 
in Table 1.2. 
The level of inputs has not changed appreciably over the 
past several decades. But, substantial changes in the 
agricultural resource mix have occurred. Non-purchased 
inputs such as family labor and unpaid capital have been 
replaced by purchased or nonfarm supplied inputs such as 
Table 1.2. Ratio of index numbers of purchased inputs to 
non-purchased inputs. United States, selected 
years& 
Year Purchased 
inputs 
Non-purchased 
inputs 
Ratio 
purchased 
to non-
purchased 
input 
1910 
1020 
1930 
1940 
55 
62 
72 
162 
174 
170 
1^2 
.27 
.35 
.30 
.51 
1950 
I960 
1963 
91 
103 
90 
119 
96 
109 
.76 
1.08 
1.22 
h^e ratios are the ratios of data reported in United 
States Department of Agriculture. Statistical Bulletin. 
No. 233. 196^ -. 
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machinery J hired labor, fertilizer, new feeds and "SBeds and 
pesticides. 
Farm labor input in 1963 was only 83 percent of the 
1957 level and 4-7 percent of the level of 19^ 5. Farm land 
input has been nearly constant since the last continental 
frontier was pushed back. The use of mechanical power and 
machinery has increased Zfi times since 19^ 0, Commercial 
fertilizer utilization has increased about 5 times during 
the same period. The purchases of feeds, seeds and livestock 
have increased three fold since 1940. Miscellaneous inputs, 
such as electric motors, electricity, running water, better 
tileage and etc, have also increased in the last 20 years. 
Table 1.3. Index numbers of total farm inputs and inputs of 
major subgroups, United States, selected years* 
(1957-59 = 100) 
Year 1910 1920 1930 1940 1950 I960 1963 
Farm labor 212 226 216 192 142 92 83 
Farm real estate 88 92 91 92 97 100 101 
Machinery and mechan­
ical power 20 32 40 42 86 100 97 
Fertilizer and 
liming material 12 16 21 28 68 110 132 
Feed, seed and 
livestock purchased 16 23 26 45 72 109 124 
Miscellaneous 56 67 76 73 85 106 115 
A^dapted from data reported in United States Department 
of Agriculture. Statistical Bulletin. No. 233. 1964. 
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New capital stocks and technology compete with older 
capital stocks and technology and not so much with non-
purchased inputs. The floor below which non-purchased inputs 
will not fall, since they are required in some amount for 
production to proceed, has been reached. Non-purchased inputs 
include operator and family labor and unpaid capital items. 
The composition of the bundle of purchased inputs has changed 
reflecting changes in the marginal rates of factor substitu­
tion among inputs. Mechanical power and machinery began to 
replace labor some time ago. Other resource categories 
which are substitutes for farm labor have come into general 
acceptance more recently. Miscellaneous inputs generally 
regarded as frills or non-essential conveniences have been 
used extensively since 1955. By 1955, most of the basic 
resource substitutions in agriculture had taken place. 
Farmers began to allow their choice sets to include more 
convenience items. 
The inelasticity of the human stomach, increases in 
agricultural productivity and the competitive nature of the 
agricultural product market cause farm product prices to be 
depressed. Low product prices are associated with reduced 
returns to labor in agriculture. Low returns to farm labor 
stimulate migration of labor to employments where the mar­
ginal value product of labor is higher. Total farm labor 
employment has declined since 1910. 
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Table 1.4. Indicators of the out-migration of agricultural 
labor force, United States for selected years& 
(1957-59 = 100) 
Year 1910 1920 1930 1940 1950 I960 1963 
Total farm 
employment 
(mill) 13.6 13.^  12.5 11.0 9.9 7.1 6.5 
Acres/farm 137.7 147.5 157.1 174.6 212.8 297.3 324.6 
No. of 
farms 
(mill) 6.4 6.5 6.5 6.3 5.6 3.9 3.6 
*Data sources are United States Department of Agricul­
ture. Statistical Bulletin No, 233 and Statistical Bulletin 
No. 316. 
The amount of hired agricultural labor and operator and 
family labor employed has decreased. Hired agricultural 
labor is a substitute for machines and other technological 
innovations. 
Hired labor was replaced by new technologies early in 
the mechanization of agriculture. Later in the mechanization 
process, family labor other than the operators own labor was 
replaced. Family labor has been replaced most noticeably by 
the automation of routine farmstead chores. As the marginal 
rate of substitution of new technology in the form of capital 
stock for labor increases, the stress is placed on the 
managerial ability of farmers. Lack of managerial ability 
and capital limitations have caused the number of farms to 
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decrease. As less efficient farmers are "squeezed" out of 
agriculture the remaining producers acquire the vacated land 
in an attempt to realize possible economies of large scale 
operation. 
Farm incomes 
Table 1«5 shows the recent trend in both gross and net 
operators' cash income. Farmers remaining on farms have 
experienced an increase in gross income per farm. There are 
several reasons why remaining farmers have experienced higher 
incomes. First, with fewer people remaining to divide 
receipts, a larger share per person or farm results. Second, 
the existence of large scale economies of operation enable 
continued increases in agricultural resource productivity. 
Operator's net cash income per farm has not increased 
similarly, however. Since 1950, only temporary increases in 
operator's net cash income have occurred. Farmers apply 
more modern and more expensive production techniques to 
increase productivity, output and income. With many firms in 
the industry boosting production, the industry commodity 
supply is expanded. Given a relatively fixed product demand, 
product prices are depressed resulting in little, if any, 
increased return to producers. 
Internal adjustments in agriculture have been rapid, but 
from all appearances are not at all near completion. To 
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Table 1,5. Operator's gross and net cash income, United 
States, selected years. Dollars per farm^ "° 
Year Total gross income 
per farm 
dollars 
Net cash income 
per farm 
dollars 
19^ 0 1738 386 
19^ 5 1+319 I6OI+ 
1950 5751 • 1^ 38 
1955 7162 1682 
I960 9606 2273 
1961 10387 2505 
1962 11104 2584 
1963 11682 2572 
A^dapted from United States Department of Agriculture. 
Statistical Bulletin, No, 233, 
F^igures inc^ d^e government payments, 
®A11 values are in current dollars. 
explore all structural adjustments in agriculture provides 
material for several research topics and is beyond the scope 
of this study. 
Price trends 
The time trend of a number of important price ratios is 
shown in Table 1,6, Except for a brief drop shortly after 
1910, the ratio of machine prices to the price of labor 
increased. If mechanization occurred even in view of 
increasing machinery prices relative to labor prices the 
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Table 1,6. Ratios of indexes of prices; machine prices/labor 
wage rate, machine prices/prices received and 
prices paid for all production items/prices paid 
family living items, United States, selected 
years* 
1910 1920 1930 19^ 0 191+5 1950 1955 I960 1963 
MP/LWR 1.02 .69 .87 1.77 .48 .64 .60 .61 .61 
MP/PR .96 .79 1.22 1.53 
0
0
 
1.07 1.34 1,60 1.67 
PPp/PPFL .98 .86 .94 1.02 .97 1.00 .93 .91 .92 
A^dapted from data reported in United States Department 
of Agriculture, Agricultural Prices, Annual Summary 1959 and 
Annual Summary 1963. 
marginal rate of factor substitution must have been heavily 
in favor of machinery items. World War II froze machine 
prices. Because of the shortage of manpower during the war, 
the labor wage rate increased relative to the price of 
machines. After the war and until 1950, machine prices 
increased relative to labor wage rate. Machine prices 
continued to rise after 1950 but at a slower rate than the 
price of labor. Since I960, prices of machines and labor have 
increased at similar rates. 
Prices received for agricultural products have increased 
gradually since 1910. Prices of machinery items have 
increased for all years since 1910 except the war years. 
From 1910 to I963, machine prices increased h times while 
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product prices increased only about 2 times. These two rates 
of increase give a rough impression of what is meant by the 
term cost-price squeeze. The parity ratio shows the cost-
price squeeze even more vividly. Prices paid for production 
items and the prices paid for family living items have moved 
at about the same rate and in the same direction (up) since 
1910. 
Regional results presented in chapter VI show some 
interesting differences in the influence of the ratio of 
prices of production items to prices of family living items. 
If the level of consumption of family living items is above 
the subsistence level, increases in the ratio of production 
item prices to prices of family living items need not reduce 
consumption of the former, assuming a given budget constraint. 
Farmers will cut back their level of living to allow con­
tinued consumption of production items. This is true only 
if the relative price changes are not expected to be perma­
nent. On the other hand, if the level of consumption of 
family living items is at or near the subsistence level, 
minimum consumption of such items can not be cut back to 
allow continued use of the now more expensive production 
items. 
The parity ratio which reflects the ratio of prices 
received to prices paid has fallen since 1950. It rose 
briefly during the 19^ 0's. Otherwise, the parity ratio has 
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Table 1.7. Indexes of prices paid by farmers and prices 
received by farmers for selected classifications 
of factors and products, United States, selected 
years& (1910-14 = 100) 
1910 1920 1930 19^ 0 1950 I960 1963 
Agregate prices 
paid index 97 21^  151 12h 256 300 312 
Prices paid pro­
duction items 97 195 135 123 2h6 265 273 
Prices paid family 
living items 
Prices paid farm 
machinery 
99 
100 
228 
166 
1^ 4 
152 
121 
153 
246 
275 
290 
381 
298 
405 
Land value per 
acre 95 167 117 76 156 280 312 
Aggregate prices 
received index 107 211 125 100 258 250 242 
Prices received 
livestock 102 190 13^  109 280 253 245 
Prices received 
crops 105 235 115 90 233 222 237 
Parity ratio 107 99 83 81 101 80 78 
A^dapted from data reported in United States Department 
of Agriculture, Agricultural Prices Annual Summary 1959 and 
Annual Summary 1963. 
fallen-since 1920. The parity ratio deals with national 
% 
aggregates. The more fundamental price changes are portrayed 
in Table 1.7. Prices paid for production items have increased 
in recent years. Farm machinery prices have increased except 
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for a period during the depression of the 1930's. Early-
machine price increases were caused by demand pushing against 
restricted supply. After the period of initial mechanization, 
increasing machine prices did not reflect demand pressing 
upon a restricted supply. Rather, machine prices reflected 
increases in efficiency and capacity of new machines. Land 
prices have increased rapidly since the end of World War II. 
Prices of motor supplies have increased about 75 percent in 
the last 20 years. Costs of farm supplies, fertilizer and 
seed and other production items have increased from 100 to 
200 percent during the same period. Capitalization of 
increases in resource productivity into land values has 
stimulated acquisition of vacated farms and idle land. It 
is not land per se that has a high productivity potential 
but the capital intensive technologies applied to land. 
Agricultural product prices are higher than during the 
1910-14 period. Product prices, especially livestock and 
livestock product prices, have decreased from 1950 to 1963. 
Livestock prices have fallen 12,5 percent during the last 
13 years. Crop prices have rallied only slightly from a 
slump during the 1950's. 
Machine stocks 
The number of machines on farms and the trends in 
numbers of certain machine categories reflect the effects of 
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Table 1,8, Numbers of selected machines on farms, United 
States, selected years& (In thousands) 
1910 1920 1930 1940 1945 1950 1955 I960 1963 
Tractors 1 246 920 1567 2354 3394 4345 4684 4670 
Motor truck - 139 900 1047 1490 2207 2701 2826 2900 
Automobiles 50 2146 4135 4l44 4l48 4199 4258 3615 3422 
Grain 
combines 1. 4 61 190 375 714 980 104o 1020 
Corn pickers - 10 50 110 168 456 688 795 820 
Pick up 
balers - - - — 42 196 448 680 750 
Field forage 
harvesters - - - - 20 81 202 290 335 
Horses and 
mules 24211 257^ 2 19124 14478 11950 7781 4309 3100^  2800^  
A^dapted from United States Department of Agriculture. 
Statistical Bulletin No. 258 and Agricultural Statistics 
1963. 
E^stimates derived from linear extensions of reported 
data. 
the interaction of price, income, farm numbers and farm size. 
In 1959; the h 3A million tractors on farms in the 
United States had virtually replaced the power previously 
supplied by some 20 million horses and mules. The substituticn 
of mechanical power machinery items for animal power and 
farm labor is one of the phenomena which have necessitated 
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adjustment in agriculture. About 98 percent of the tractors 
on farms are wheel type with horsepower ranging from 7 to In 
excess of 50 drawbar horsepower. The number of tractors 
purchased reached a peak about I960. The rate of increase in 
tractor purchases began to slow down as early as 1952. Since 
i960 tractor sales have decreased absolutely. 
Demand for tractors is composed of two parts. The first 
part is that required to replace depreciated capital stock. 
The second is that necessary to equate current and desired 
stocks. Since I960, the only demand for tractors has been 
that needed to compensate for depreciated stocks. Table 1.8 
shows that tractor purchases have decreased since I960. 
Reference here is to tractor numbers only. No consideration 
is given to the quality or capacity of the unit. The horse­
power requirement in modern agriculture is relatively constant. 
The number of power units needed to supply that horsepower is 
dropping. Small farms are consolidated into large farms 
providing opportunities to realize the economies of large 
scale operation afforded by large capacity machines. 
While Table 1,8 also shows a decline in the number of 
combines, the data are subject to the same criticism as the 
tractor data. Combine numbers alone fail to account for 
changes in widths and power sources of machines. Self-
propelled combines account for about 20Jo of the combines on 
farms. 
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All of the above factors are important to the farmer as 
a potential investor. The inadequacy of the data presents 
serious questions as to the significance of results based on 
such data. This being the only readily available data there 
is no alternative but to proceed forthwith and be aware of 
the data limitations when interpreting whatever results might 
be obtained. 
Only two of the machines listed in Table 1.8, forage 
harvesters and balers, are experiencing increases in gross 
purchases. Livestock feeding technologies requiring the 
implementation of these two machines are relatively new and 
the saturation point has not yet been reached. There is 
every indication that the demand for pick up balers and field 
forage harvesters nearing its peak. 
As outlined iii Chapter II, it is not the purpose of this 
study to investigate trends and relationships affecting each 
machine type. Machine manufacturing companies are studying 
the determinants of demand for particular types of machines. 
The purpose of this study is to specify the factors which 
explain investment in farm machinery by agricultural entre­
preneurs. 
Historical Trenr- - Regional 
A large portion of this Sv- ày is devoted to specifying 
regional demand functions for each class of machinery. Ten 
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regions are used as geographical units of observation. The 
regions are Northeast, Lake States, Corn Belt, Northern 
Plains, Appalachian, Southeast, Delta States, Southern 
Plains, Mountain and the Pacific regions as shown in Figure 
1.1. For purposes of presentation, the regions are numbered 
1 through 10 in the order they appear above. 
The general productivity of each of the ten regions has 
increased in the past two or three decades. The largest 
percentage increases in output have occurred in the areas 
typically considered more depressed, namely the Appalachian 
region, the Delta States and the Southeast. This does not 
mean these areas now are the largest producers of farm 
produce. It simply reflects an increase from a previously 
low level of output. 
Various levels of technology have been adopted in each 
of the ten regions. As shown in Table 1.9» the index of 
crop production per acre has increased in all regions since 
19^ 0. The number of man hours used for farm work has 
generally decreased. 
The crop production indexes could be affected by weather. 
Development of a weather index after the pattern of Durost 
and Shaw of the U.S.D.A. showed few significant deviations 
from average weather years in the years included in Table 1.9. 
Crop production per acre has generally increased more in 
those areas where labor input is the lowest in I960. The 
? La«e 
Northern j Statues 
Plains J 
Pacific 
Northeal 
Mounts 
Corn Bel 
Appl an 
Del 
Southeast ea 
Southern 
Plains 
Figure 1,1. Farm production regions 
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Table 1,9. Index numbers of crop production per acre and 
number of man hours of farm work, by region, 
selected years^ b ° (1957-59 = 100) 
Year 
1 2 3 1+ 
Region 
5 6 7 8 9 10 
a) 77 77 73 61 75 69 73 71 77 71 
1940 b) 198 190 180 180 172 235 245 230 164 146 
a) 7^  76 92 85 81 86 63 83 75 82 
19^ 5 b) 182 177 169 184 171 208 209 183 155 l4o 
a) 79 82 81 90 80 86 71 79 84 
1950 b) l44 132 135 134 152 162 170 146 129 120 
a) 92 88 89 70 98 104 106 78 85 92 
1955 b) 118 115 117 118 126 134 137 121 113 104 
a) 108 105 109 118 110 114 113 112 101 101 
I960 b) 91 90 91 89 94 96 94 92 91 97 
h^e index of crop production per acre, 
T^he index of man-hours of farm work, 
A^dapted from United States Department of Agriculture. 
Statistical Bulletin. No. 233. 196^ . 
Appalachian, Southeast, Delta States and the Pacific regions 
have more labor used for production of crops and livestock 
than the other regions. Relying largely on intuition, it is 
possible to conclude that the general level of technology 
existing in the former regions is less than in the latter 
regions. 
In all regions, greater amounts of capital and smaller 
amounts of labor are being employed. The capital to land and 
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the capital to labor ratios are increasing in all regions 
(^ 5). The capital/labor ratio is generally increasing faster 
than the capital/land ratio because the land base in agri­
culture is more fixed than the labor complement. Only-
slight pressures are necessary to stimulate the movement of 
labor to more rewarding activities. 
Table 1.10 Number of farms, by region, selected years^  
(thousands) 
Year 1 2 3 4 5 6 7 8 9 10 
1920 6^ 0 564 1175 442 1067 814 640 628 244 234 
1930 535 536 1086 457 1025 730 716 699 241 262 
I9I+O 534 572 1101 424 1053 648 658 598 233 276 
1950 443 503 994 370 971 606 558 474 194 267 
1955 358 W+ 874 337 823 488 439 394 174 233 
I960 272 377 747 300 617 326 291 307 145 188 
1963 237 353 691 280 563 276 246 275 135 175 
A^dapted from United States Department of Agriculture. 
Statistical Bulletin, No. 316. 
The Northeast region, Southeast region and Delta States 
had the largest reduction in the number of farms from 1920 to 
1963 according to Table 1.10. The Northeast region experi­
enced decreases in number of farms for two main reasons. 
First, farmers could earn larger labor returns in the rapidly 
expanding manufacturing centers in the east than they had 
earned from farming. Second, the growth of metropolitan 
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areas absorbed many acres of farm land. The two regions in 
the South lost farms because of the decline in net operator 
income. Many of the roughly 60 percent of the farmers 
farming in 1920 who left by 1963 were marginal farmers. Any 
decrease in income from their farming activities forced 
moving to alternative employments. 
The proceeding discussion shows that changes in the 
organization of agriculture have occurred. To achieve a 
prosperous American agriculture, which is the basic motiva­
tion for most current agricultural research, it is necessary 
that (a) the individual firms of the industry be organized 
to facilitate the most efficient allocation of factors of 
production, (b) the product mix be geared to relative product 
demands and (c) the size of the industry be geared to the total 
demand for farm products. To achieve such a formidable goal, 
detailed information on each and every facet of agriculture 
is necessary. It is to add to the stock of information that 
this study was undertaken. 
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CHAPTER II. OBJECTIVES 
The general objective of this study is to specify the 
variables and the relationships embodied within the invest­
ment fimction for the domestic purchase of new farm machinery. 
Specific objectives define the scope of each phase of 
the study. Parts lA and IB of the study of domestic farm 
machinery demand and the resulting realized investment is an 
attempt to explain analytically the relationships in the 
investment functions specified statistically from United States 
aggregate data for each of five categories of farm machinery: 
1. Total domestic annual investment in new farm 
machinery. 
2. Annual domestic purchases of new farm tractors. 
3. Annual domestic purchase of other new farm 
machinery. 
k. Annual domestic purchases of new farm trucks. 
5. Annual domestic purchases of automobiles by farmers. 
The period of analysis of aggregate United States data is 
1911 to 1962. Since large increases in mechanization of 
American agriculture have occurred since the end of the 
second world war, a second analytical period, 19^ 7 to 1962, 
is included. These two estimates of the parameters of 
aggregate investment functions allow comparison of influences 
of variables over the long run and short run. 
2l+ 
Part II of this effort is devoted to specifying and 
explaining relationships apparent in the investment functions 
for each of ten geographical regions for the farm machinery 
categories investigated on the aggregate United States basis. 
Because of the lack of data and since major shifts in the 
factor mix associated with the problems of current period 
agriculture have occurred since World War II, the analytical 
period 19^ 6 to 1963 is used for Part II. 
Interregional comparisons of the variables included in 
the statistically specified investment functions for each 
machinery category for each geographical region are made. 
The objective is to,explain the regional differences in the 
structure of the investment functions. An attempt is made to 
explain regional variations in the direction of the influence 
and the statistical significance of the included variables. 
Part III is concerned with formulating realistic 
hypotheses about the anticipated trends and absolute levels 
of variables influential in the machinery investment func­
tions for the year 198O. Based on these assumptions, pro­
jections of total domestic investment in new farm machinery 
are made. 
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CHAPTER III. ECONOMIC FRAMEWORK 
Investment Defined 
Man is continually confronted with basic investment 
decisions. He must decide whether to consume more of a 
particular bundle of commodities in the present period at 
the expense of consumption in some future period, or to 
consume less in the present in anticipation of net increases 
in future consumption. A basic investment decision is 
defined as the decision required of an individual when 
forced to choose between present and future consumption. 
Kuh (62) restates the conditions above by defining the 
situation where present Income is sacrificed for future 
income based on the market rate of interest. He ways the 
above is not an investment theory. Rather, it is an equilib­
rium theory of capital. This so called equilibrium theory of 
capital is nothing more than a special case of the definition 
of basic investment activity put forth earlier, Kuh's 
statement that investment theory tries to explain the rate 
of change in physical capital as an attempt to attain desired 
stocks contradicts his refutation of present sacrifice for 
future gain as being a basic investment activity. The 
potential investor considers alternative ways of filling the 
gap between existing and desired stocks. Based on these 
considerations he decides whether to purchase more or less 
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today depending on his expectation of future rewards. Hence, 
we return to the basic investment definition outlined pre­
viously. 
Decisions involving "consumer goods" such as food and 
clothing could be included in the universe specified by the 
definition of basic investment,^  This study is concerned 
with decisions involving the acquisition of durable goods. 
Durable goods may generally be classed as assets in an 
individuals balance sheet. The first part of this chapter 
is devoted to consideration of the general aspects of 
investment behavior. Historical attempts to specify invest­
ment functions are discussed. Early investment theories 
provide valuable insight into the development of logic 
involved in the decision to invest. An investment function 
depicting the domestic demand for farm machinery is included 
in the final section of this chapter. Chapter IV discusses 
the statistical technique employed to derive the results 
presented in Chapter VI. 
All investigations of the determinants of demand or 
investment are based on the assumption of a rational individ-
ual. A rational individual possesses the capacity for and 
D^efine consumer goods as perishable goods such as food 
and clothing and durable goods as items such as deep freezes, 
stoves, automobiles, tractors, etc. 
2 In this study, investment and demand are considered 
synonyms. 
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the desire to behave in accordance with some ordering of 
alternatives (5). Certain individuals are not capable of 
ordering their preferences. But, in order to formulate a 
reasonable analytical scheme it is necessary to postulate 
some sort of pattern in human activity. The approaches to 
explaining consumer behavior presented in the first part of 
this chapter have been traditionally formulated in terms of 
consumer demand for non-durable goods. The schemes are 
useful for explaining demand for durable goods too. 
It is necessary to specify an individual consuming unit 
capable of formulating expectations for alternative invest­
ment activities. Formulation of expectations is perhaps even 
more necessary than the adherance to a systematic preference 
ordering. The existence of the preference ordering is 
useless in the absence of realistic expectations. The 
concepts of expectation and the rational individual evolve 
from two very general theories of expectation. The first 
theory allows a set of objectives to be called goals of 
behavior. The second theory suggests that expectations are 
the result of the linking of a subjective desire for, say, 
flexibility to an objectively measurable variable capable of 
satisfying the subjective desire (71). The second theory of 
expectation may be restated to say that expectations are the 
result of linking the subjective desire for greater satis­
faction with some objectively measurable variable, say. 
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income or units of assets, capable of satisfying the sub­
jective desire. 
Several models have been formulated attempting to 
specify observed expectational schemes of individuals (44). 
Expectations of future events may be based on 1. mean or 
average outcomes of the past, 2, random observations, 3, 
projecting current conditions or their opposite, 4, use 
of modal conditions of the past projected to the period 
being considered, 5. projected linear trends of past condi­
tions, 6. some past year designated as portraying normal 
conditions and 7. on available published outlook information? 
It is beyond the scope of this study to attempt to determine 
which of these expectational models is most frequently 
employed. The only concern at this point is that some 
discernable expectation model is employed. 
This study is oriented toward the micro-economic 
considerations of investment behavior. It is left to 
economists concerned specifically with aggregate economic 
activity to specify the macro-economic considerations of 
investment. Emphasis throughout the remainder of this 
chapter and the thesis is on the decision to invest as viewed 
F^or a detailed discussion of each of naive models 
as well as the errors connected with each model, see, Heady, 
Earl 0. Economics of Agricultural Production and Resource 
Use, pp. 475-499. 
29 
from the standpoint of the individual entrepreneur. Con­
sequently the discussion revolves around investment theory 
of the firm. 
Generalized Investment Theories 
Literature dealing with the micro-economic considera­
tions of investment in new capital stocks is plentiful. It 
is by no means profound or very sophisticated. Looking at 
some of the early models and hypotheses relating to invest­
ment in capital stocks serves a dual purpose. First, the 
development of logic surrounding investment theory is 
clarified. Second, the difficulties encountered in previous 
theoretical and empirical investigations are identified and 
may be avoided. 
Echo effect, senility effect and residual funds 
Echo effect theories of investment suggest that the 
older the existing capital stock, the greater is the replace­
ment demand (71). The echo effect theory is applicable only 
if the desired stock of capital is equal to or greater than 
the existing capital stock. If the desired stock is less 
than existing stock, excess capacity exists. Net reductions 
in stock of capital could take place with no change in 
demand. Replacement demand and demand to cover desired net 
increases in capital stock exist if desired capital stocks 
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are larger than current capital stocks. Echo effect invest­
ment theories are not of adequate dimension. Factors other 
than age of current capital stock influence investment. 
Einarsen, in a study cited by Meyer and Kuh (71) found low 
correlation between the age of a firm's assets and the firm's 
propensity to investment. Einarsen points out that firms 
with older physical assets tend to have lower sales and hence 
profits. Firms with predominantly old physical assets do not 
accumulate large depreciation reserves. Einarsen's hypothesis 
applies quite well to the situation in agriculture. Smaller 
farms have lower sales and profits. Capital stock on small 
farms tends to be older than on larger farms with generally 
higher sales and profits. Contrary to Einarsen, profits are 
not the sole or necessarily the most important determinant of 
investment. 
Closely tied to the echo effect theory of investment is 
the senility effect. The senility effect is best described 
by considering a firm exhibiting resistance to change. A 
firm which tends to hold old capital stocks over a long 
period will resist any change in the age composition of its 
stocks in the future (71). The senility effect causes a 
dampening of potential investment activity regardless of the 
general state of aggregate economic activity. The general 
enthusiasm with which investment activity is pursued in the 
sector concerned does not effect the senile firms. Intuition 
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suggests that the senility effect exists in agriculture. 
Resistance to change exhibited by many midwestern 
farmers has been the object of much humor, and in some 
quarters, concern. It is the feeling of the author that the 
senility effect damper is real, especially among older 
II 
farmers and lower volume farmers. 
Firms exhibiting the senility effect traditionally have 
older stocks of capital and larger stocks of net liquid 
assets (71)• This suggests financial conservatism, 
A farmer traditionally investing at low rates will 
hesitate to suddenly intensify his investment activity. 
Investment activities of the educated farmer are not influ­
enced significantly by the senility effect. Since pro­
gressive farmers buy the largest proportion of new farm 
machinery, the senility effect has little influence on the 
domestic purchase of new farm machines. 
The residual funds theory is concerned with the firm's 
attitude toward using outside funds as opposed to internal 
funds for investment in new capital stocks. Residual funds 
theory suggests that firms rely on internal funds as the 
source of investment capital rather than using capital from 
extern&l. sources. There is an apparent discrepency between 
The jest relating to the resistance of midwest farmers 
has been continued even in view of the fact that they have 
adopted technology so rapidly. 
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the senility effect and the residual funds hypothesis. If 
the firms exhibiting senility accumulate large net liquid 
assets, residual funds suggests stimulation of investment and 
not a dampening effect. 
Interest rates and investment 
The residual funds theory and interest rate theory of 
investment should be considered simultaneously. The writings 
of Keynes in the 1930's touched off a discussion which is 
still unresolved. Does the interest rate affect investment? 
How is interest rate theory related to marginal efficiency 
of capital and residual funds theory? Keynes suggests that 
the demand for money is divided into two parts, non-
speculative and speculative demand for money. The former 
is a function of income, (M2=f'(Y))^  while the later was 
conceived as a function of the interest rate, (M2=f(i) ) (56). 
Speculative demand for money is related to investment. 
Investment in capital stock is a speculative venture. 
Accordingly, investment is a function of the interest rate. 
The interest rate, in turn, depends on liquidity preference 
and the stock of money. Investment also depends upon the 
marginal efficiency of capital. The marginal efficiency of 
capital is determined by replacement costs and prospective 
yield of the capital stock. The marginal efficiency of 
capital, (hereafter referred to as mec), is that rate of 
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discount required to equate the present value of expected 
returns to the supply price of capital (56). Writing the 
above in equation form gives: 
(3.1) PV = Qi 
Qc Q n 
(1+i) (1+i)' (1+i) n 
where PV = present value of expected returns and = 
expected returns in period 1 to n and i = interest rate. 
(3.2) 
«a 
+ 
'n 
(1+r) (l+r)< (l+i)% 
"Where K = supply price of capital and r = marginal efficiency 
of capital. 
There are two reasons for the shape of the marginal 
efficiency of capital curve (56). 
(i) 
mcc 
fZ) 
Figure 3.1. Marginal efficiency of capital 
First, as investment increases there is an upward pressure on 
the supply price of capital. Second, as new investment 
increases it must compete more and more heavily with old 
capital stocks and hence decreases mec. The capital-output 
ratio increases at the same time as new capital stocks are 
3^ 
competing with old capital stocks. 
This brief and extremely general description of the 
Keynesian hypothesis is hot meant to imply it is the last 
word on investment. Perhaps, the concept of marginal 
efficiency of investment is more relevant, Lerner (68) says 
there can never be any clear meaning to comparisons of 
marginal efficiency of capital with the interest rate. 
Marginal efficiency of investment is that rate of return 
expected from the addition of one more unit of investment. 
Lerner says that in reality all capital problems turn out to 
be investment problems. This hypothesis may be correct if 
investment includes all activities involving a present 
sacrifice to yield increased satisfaction in some future 
period. The marginal efficiency of investment curve in 
Figure 3.2 slopes downward to the right. The downward slope 
is caused by the heterogenity of factors of production which 
Figure 3.2. Marginal efficiency of investment 
result in increasing costs of additional provisions for 
future periods. Uniform increases in capital lower the mei 
(i) 
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curve. Lowering of the mei curve is referred to as "dimin­
ishing marginal productivity of capital". 
Lerner (68) and Keynes (56) agree that if thrift 
increases interest rate must fall to comply with the 
equilibrium condition, savings equal investment (8=1). 
Pitchford and Hagger (76) and Wright (118) note the 
possibility of two or more optimal mec's if some of the in 
Equations 3.1 and 3.2 are negative. Keynesian theory allows 
for only one optimal mec. The terms mei and mec are used 
interchangeably throughout the remainder of this chapter. 
Keynes would argue that the interest elasticity of the 
marginal efficiency of capital or investment is very high. 
Or, to put it another way, increases in the interest rate 
cause a disproportionately large decrease in the level of 
investment and conversely for decreases in the interest rate. 
Henderson (4?) and Andrews (4-) are among those who 
have studied the interest elasticity of demand. Analysing a 
survey of English businessmen, Henderson (4?) found invest­
ment to be very interest inelastic. He concluded businessmen 
place only secondary importance on the prevailing interest 
rate when making investment decisions. The stock market and 
its effect on the firms asset position were found to be the 
most important factors in investment programming during the 
period studied. It is doubtful that asset position is the 
determining factor in the investment decision. Few would 
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question that, in theory, a firm with a sizable accumulation 
of assets is more inclined to undertake speculative invest­
ment projects. Other factors affecting investment decisions 
must be favorable. The results of Henderson's study (^ +7) 
should be considered when formulating conceptual investment 
functions for farmers' purchases of new farm machinery. 
Andrews (4), writing in the Oxford Economic Papers, 
concluded that businessmen react differently to the long and 
short term interest rates. The short term rate of interest 
was found to be of little consequence while the long term 
interest rate had a small influence on investment activities. 
Andrews' study is not without criticism. His conclusions are 
based on results unweighted for the size of firm. Small 
firms generally outnumber large firms, but the percentage of 
total investment financed with external capital by small 
firms is very low. White (115) feels that small firms are 
less responsive to interest rate changes. Consequently, 
unweighted results are of little use. 
Factors other than interest rate affect investment 
decisions. Necessity, the pay-back period and rate of return 
all affect investment (2^ ). According to Dean (24), large 
businesses are less responsive to interest rates than are 
small firms. Corporate executives are conservative because 
of the income, position and prestige they have to loose if an 
investment decision goes astray. The importance of this 
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consideration is questionable. 
Klein (58) studying public utilities, an industry with a 
very high capital output ratio, found investment decisions 
not to be affected by interest rates. He concluded that both 
small and large businesses pay little attention to interest 
rates. The marginal efficiency curve is very steep or 
highly inelastic even in a very capital intensive industry 
such as public utilities, Klein's findings (58) are sub­
stantiated by empirical work by Meyer and Kuh (71), Meyer 
and Kuh conclude interest rates are an insignificant influ­
ence in investment decisions. 
Hoover tried to relate residual funds theory and invest­
ment theory. Interest rates reflect not only the cost of 
external capital but also the availability of external 
capital (50). If external funds are restricted, the decision 
to invest will depend to some degree upon the accumulation of 
net liquid assets, residual funds. Restricting external 
availability of capital forces investment decisions to be 
based on the availability of internal funds and the expected 
yield of investment alternatives (62), The concept of profits 
is basic to the residual funds theory. Studies by Tinbergin, 
Kalecki, Tsiang, Klein, and Meyer and Kuh (cited in 61) show 
profits to be an important variable in the determination of 
short run investment activities. 
Consideration of an interest rate variable in investment 
38 
analysis appears to be in order. Care is needed to take into 
accoimt the general state of aggregate economic activity and 
the group of entrepreneurs being studied. The preceeding 
discussion is of a critical nature. The hypotheses of 
generalized investment theories are criticised with no 
attempt to suggest alternative models or logic for studying 
investment behavior. This approach was typical of authors 
prior to about 1950. 
The works discussed below criticise early investment 
studies and suggest alternative procedures for demand analy­
sis, The corporate rate of profit serves as an indicator to 
management of the prosperity of their business. Contrary to 
the Keynesian view of the importance of expectations or 
anticipated rate of profit, Roos (77) suggests that invest­
ment lags profit. Roos defines mec as being that discount 
rate which makes the capitalized value of profits for the 
year ending six months previous equal to the current supply 
price of capital. Other authors suggest the lag on profits 
to be three to five years (60) (73). Current prices and 
price ratios are important in the investment decision 
according to Roos (77). Gehrels and Wiggins (35) fail to 
show any significant influence for prices, interest rates, 
liquidity preference (to be discussed later) or profits on 
investment. Grey and Brockie (36) found that there seems to 
be very little order in business investment decisions. Major 
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emphasis is placed on executive's judgment and past perfor­
mance of the firm. Grey and Brockie (36) say the Keynesian 
discounting idea is seldom, if ever, considered, 
Tarshis (93)  considered length of life of the project 
and the importance of risk and uncertainty as they affect 
investment decisions. Interest rate is more important in 
long term projects than short term investments according to 
Tarshis (93)* The Tarshis hypothesis holds only if the 
economy is operating near capacity. If prices are sticky 
downward the hypothesis will be stronger for reductions in 
interest rate than for increases in the interest rate. If 
prices vary inversely rather than directly with the amount of 
investment the interest rate affects short lived investment 
more than long term projects. 
The influence of risk on the elasticity of the mec 
function is negligible (93). The elasticity of the mec 
function is unaffected by risk if expected yields from 
projects don't change as risk increases. The Tarshis (93)  
discussion of risk aversion approaches the problem only 
from the standpoint of the borrower. Suppliers of capital 
also have an aversion to risk. If firms rely heavily on 
external sources of funds, risk aversion by capital suppliers 
places a restriction on investment activity. 
4-0 
The Mallnvaud model extended 
The Mallnvaud model (69) was initially conceived to 
analyze the efficiency of resource allocation. It is useful, 
when extended, as an analytical framework for studying 
investment decisions. First, let us reconstruct the general 
propositions of the Malinvaud scheme. The basic model is 
then extended to included several time periods. 
Investment efficiency is considered in terms of com­
modity bundles available for consumption and not in terms of 
levels of satisfaction attainable or attained. The assump­
tions necessary for the Malinvaud system are as follows: 
a) Uncertainty does not exist. 
b) All commodities are desired at all times. 
c) Yt is a convex production set for each future time 
period. It represents all production possibilities 
existing at that time, is a set of ordered pairs 
(a^ , b^ +i) where a^  = inputs and b^ +i = outputs. 
d) = b^  + - a^  where is consumption in 
period t, b^  the bundle of commodities available at 
the beginning of period t, the amount of natural 
resources used and a^  is labor input in t. 
From these assumptions, Malinvaud (69) shows: 
(3.3) profits (,) = < 
Ifl 
 ^k k 
where k is commodities 1 to n. Costs, Z P. a. are at a 
k=l ^  t 
minimum if the particular activity is an efficient activity,^  
The technical rate of exchange between present and future 
production of commodities may be evaluated by forming the 
Ir *1 ICl 
price ratio, / P^  • P^  represents the present price 
vector for the commodity bundle kl. P^  ^is the price vector 
for some future period for the commodity bundle ki. If 
bundle ki results from an investment in period t=l and 
bundle kl is the bundle available in t=l the ratio P^  ^/ P^  
indicates the exchange between present and future production. 
On the basis of exchange rates alone it is possible to 
analyze the efficiency and net output effects of any deci­
sion .... (69). 
When loans between economic units are introduced, a 
suitable monetary unit is needed to compare alternatives. 
ki A multiplicative factor in all prices, P^  , is chosen to 
make the price of the monetary unit (l/P^ )^ in period t=l 
equal to 1, Several useful relationships can now be derived. 
(3.^ ) PmUj^  / Pmu^ , = (1+r)^  or the period rate of 
interest 
F^or a precise definition of an efficient activity see 
Koopmans, T, C. Three Essays on the State of Economic 
Science. 
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(3.5) l/Pmu^  ~ money value of decreased or 
increased consumption in period 1 when the process 
yielding X is used instead of that yielding X. 
Note X and X are present values of available 
consumption from the two processes. 
(3.6) 1/Pmu^ , (X^ , - X^ ,) = money value of increased or 
decreased consumption in period t' from process 
yielding X. 
It is easily seen then that 
(3.7) l/Pmu^ ,(X^ ,-X^ ,) = 1/Pmu^  (X^  ^- X^ )^ • (1+i)^ *"^ . 
Equation 3.7 expresses the relationship between the 
present value of consumption in period t' and the cost of 
consumption forgone in period t = 1 necessary to enable 
increases in consumption in period t = t*. Equation 3.7 
says the cost of investment in period t = 1 is equal to the 
marginal value product in period t = t'. Consistent with 
micro economic theory, a rational individual is expected to 
expand investment in t = 1 to the point where marginal value 
product of investment in t = t' is equal to the cost of 
investment. The application of this last generalization is 
limited. Seldom does investment-occur in only one period. 
Response to investment occurs in several future periods. 
Investment and response occur in one period if period t = t' 
includes all future time periods. 
^3 
The Malinvaud model can be extended to include the case 
where the costs of investment are spread over time, as in the 
case of agriculture, A farmer purchasing a particular machin­
ery item often borrows the necessary funds and repays over a 
period of years. The response in terms of available consump­
tion will be forthcoming over a number of years. The same 
is true when the opportunity costs of capital in various 
employments are considered. The equation: 
m m _ _ 1 
(3.8) S l/Pmu^ (X^  - X^ )> S 1/Pmu^ (X^ - ) • (l+i)*~^  
t—1 t—1 
specifies the case where the cost of investment repaid over m 
years is less than the marginal value product of the invest­
ment over m years, A rational entrepreneur undertakes 
investment opportunities specified by Equation 3,8. The 
productive life of an investment project may extend beyond 
the period required to pay for it. Equation 3*9 gives the 
value product of investment for the productive period after 
it has been paid for. 
n 
(3.9) S 1/PmUj. (X.-X.) = value product beyond pay-back 
t=m period 
The potential investor requires Equation 3.9 to be positive. 
If it is not there is no gain from investment. If Equation 
3.9 is equal to zero the investor is indifferent between the 
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new process yielding X and the old process yielding X, 
Combining Equations 3*3 and 3.9 gives: 
m n 
(3.10) 2 1/PmiL. (X.-X.) + 2 1/Pmu. (X. - X^ ) > 
t=l  ^ t t t=m t t t 
2 l/Pmu^ (X^ -X^ ) • (1+1)^ 1^ . 
t—1 
The costs of an investment project can be paid back in m 
years and yield net gains for n-m additional years as long as 
the first term on the left hand side of Equation 3.10 is > 
the right hand side and the second term on the left is 
positive. 
If an entrepreneur demands compensation for risk, in 
addition to the contracted costs of capital, the right hand 
side of 3.10 is affected. In addition to a risk allowance, 
the entrepreneur may desire that the project yield some net 
return during the pay back period. Incorporating these 
concepts into Equation 3.10 gives: 
m n 
(3.11) 2^^ 1/Pmu^ (X^ - X^ ) + ^ 2 1/Pmu^ (X^ - X^ ) > 
m _ _ n 
2^^ 1/Pmu^ (X^ -X^ ) • (1+1)°"^  + w + q 
where w is the risk allowance and q is the required net 
return during the pay back period. 
^5 
This simple model can be used to explain aggregate 
investment activity. The single person system of Equation 
3,11 may be summed over individuals to give an aggregate 
investment function. To sum Equation 3.11 over individuals 
it is necessary to use aggregate price and output data. The 
interest rate and the quantity 1/PmUj. are assumed constant 
in subsequent time periods. Aggregation problems arise when 
trying to estimate the amount of net return beyond the 
production period required by the i = 1 to F entrepreneurs in 
an industry: 
F n _ 
2 S 1/Pmu. (Xi. - 31») , i=l t=m t t t 
The Malinvaud model and its extension are useful in 
explaining some of the conceptual relations connected with 
investment in agriculture. To determine the aggregate demand 
for, say, new tractors increases in the available commodity 
bundle resulting from the use of new tractors must be 
estimated. To estimate increases in the available commodity 
bundle the price, maintenance and operating costs and 
capacity of the new machines must be known. It is also 
necessary to know the prices received for the increased 
bundle of commodities. 
The discussion of Malinvaud's model is included to 
illustrate an approach to bringing together concepts such as 
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interest rate, marginal efficiency of capital, profits and 
the residual funds hypothesis, A different analytical 
approach is used in this study. 
The acceleration principle 
New investment is simulated when entrepreneurs' expecta­
tions are favorable. A firm's capital/output ratio may be so 
firmly established that changes in the demand for output 
generate increases in the demand for capital stocks. This is 
the basic postulate of accelerator theory. Trade cycle 
theories point out the dependence of income on investment via 
the multiplier and the dependence of investment on income 
through associated profit expectations. The latter depend­
ence is the accelerator. Investment is dependent on the rate 
of change of income and not on the level of income itself 
(54). The multiplier is not of major concern in investment 
theory. The multiplier reflects the ratio of the total 
increase in national income to the total amount of investment 
(79) .  
The more common formulation of the principle of accelera­
tion is simply that investment is a function of the change in 
output. Another formulation of investment theory suggests 
that liquidity considerations are of prime importance in 
determining a firms sensitivity or insensitivity to capacity 
pressures. Both capacity and liquidity formulation of the 
h? 
accelerator principle are discussed below. 
Investment is conceived as occurring according to 
several different but not necessarily independent explana­
tions. Investment occurs 1, when productive capacity is 
strained, 2. when the firm expects or is experiencing rising 
demand for its product, 3. when the firm has high incoming 
flows of liquidity and when there is a desire on the part 
of the firm to improve its share of the market. Explanation 
h is termed the "trade position motive" (71) (63). If the 
demand for the product of a firm is suddenly expanded because 
of changing tastes and the firm is unable to adjust the 
quantity of output, it will consider investing in additional 
capital stocks according to explanation 1. If the firm is in 
a highly competitive industry and no close substitutes for 
the product in question are available, the firm may temporari­
ly increase its product price without affecting the quantity 
of its product demanded. Increased inflows of liquidity 
would be experienced and investment would be stimulated via 
the third explanation. If the demand curve facing the firm 
shifts to the right and the shift is considered to be of a 
permanent nature, a firm hoping to maintain its share of the 
market will be inclined to consider alternative investment 
opportunities. Investment would be stimulated according to 
the second and fourth explanations. 
Some qualifying conditions are needed to allow the 
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capacity formulation of the accelerator. The source of funds 
either internal or external or both must be large enough to 
allow satisfaction of accelerator generated demand. The 
ability of the accelerator to stimulate demand for durable 
stocks is restricted if capital suppliers have high risk 
aversion. Changes in desired output or even more basically, 
changes in product demand, must be positive. Non-positive 
changes in product demand suggest that a firm divest itself 
of capital stocks employed in production of the product whose 
demand decreases. Changes in outputs must be thought to be 
permanent if the accelerator is to operate. The final, and 
perhaps most restricting, condition is that no excess capa­
city of capital stock can exist. If excess capacity of 
productive capital stock exists increases in desired output 
generated by increases in product demand can be satisfied 
with the addition of variable resources such as labor. No 
additions to capital stocks are required and no investment is 
needed if excess productive capacity exists (63). 
The acceleration principle has some serious limitations, 
A group of authors, of which Kaldor (5^ ) is one, doubt the 
applicability of the accelerator to investment determination. 
The accelerator requires the output/capital ratio or its 
inverse to be stable in the short run. This idea is based on 
the supposition that investment is "married" to technology 
(75). There is no reason for assuming the capital/output 
^9 
ratio stable even in the short run. The response to invest­
ment is not instantaneous, but spread over a number of 
periods. Even though no investment occurs in a given period, 
the capital/output ratio may be changing because of previous 
investment activity. Investment is undertaken not because 
of improved productive technique per se but because of 
increased productivity of investment. The accelerator 
assumes that investment resulting from a change in output is 
some function of the change of output that is independent of 
the absolute size of the change. The rate of expansion of a 
firm is confined to its financial resources (quite independent 
of the behavior of the market rate of interest). This means 
the firm cannot take advantage of large scale investment 
opportunities as quickly as small ones. Once again we have a 
type of residual funds theory (75). 
The capacity formulation of the accelerator may have 
some relevance to periods of increasing aggregate economic 
activity. However, during periods of even moderate recession 
the accelerator breaks down. The capacity formulation of 
the accelerator can not and does not account for the fact 
that capital stocks can not be contracted as easily as they 
are expanded (17). Failure of the accelerator during 
recessive periods is tied to the generation of excess 
capacity and the general tightening of the credit associated 
with recessions (63), 
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Since recessive periods occur frequently, another 
explanation of the accelerator must be found if it is to be 
used. As aggregate economic activity stabilizes or turns 
downward liquidity formulations of the accelerator become 
more enlightening (63). It is possible to formulate a 
liquidity explanation of the operation of the accelerator if 
depreciation and profits are called flow variables and net 
quick liquidity is a stock concept. As liquidity increases, 
a firm expands investment to more speculative projects. If 
liquidity declines, the supply of external funds becomes a 
more important consideration. The liquidity formulation of 
the accelerator states simply that investment is a function of 
the change in the liquidity position of the firm. 
There are three views concerning liquidity to which most 
authors commonly refer. First, the liquidity restraint is 
inoperative during recessions but effective during prosperous 
periods. During recessions investment is curtailed short of 
available funds because of conservatism on the part of 
entrepreneurs. No well thinking entrepreneur is going to 
extend his capital into ventures with relatively long pay 
back periods when it appears the whole economic system might 
collapse. Suppliers of external capital are willing to supply 
funds during a recession although at a somewhat higher rate 
of interest and for shorter time periods. During an upswing 
in aggregate economic activity, available funds are overtaxed 
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as investors undertake activities with the potential of high 
returns. 
Second, money becomes scarce during recessive periods. 
Restricted profit inflows reduce the rate of inflow of 
liquidity and the rate of accumulation of residual funds. 
Tougher credit requirements in the form of higher interest 
rate charges and shorter pay back periods restrict the 
availability of externally based funds. Money is generally 
plentiful in boom periods because of exactly the opposite 
conditions. Increasing product demand brings large inflows 
of liquidity and makes a firm's yield potential appear very 
favorable in the eyes of the suppliers of external capital. 
Increases in the availability of both internal and external 
funds are realized as liquidity increases. 
Finally, the credit restraint on investment is always 
operative. Supply and demand for funds shifting together but 
not necessarily in compensating directions or degrees 
suggests that the credit restraint is a real consideration 
even in periods of increasing aggregate economic activity. 
The credit restraint may be the most important influence on 
investment because the amount of external funds available 
from capital suppliers is not of an infinite quantity. If 
entrepreneurs exert strong pressures on the supply of exter­
nal funds, the holders of such funds are able to pick and 
choose among a large number of possible employments of 
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their funds. 
Recent empirical investigations of the liquidity formu­
lation of the accelerator, (71, 63) attach most significance 
to the second view of liquidity presented above. Net quick 
liquidity has little significant influence on the investment 
decision. In periods of stable or declining aggregate 
economic activity, the liquidity flow variables are of 
considerable value in determining the advisability of invest­
ment activity. 
Acceleration theory is related to several of the 
generalized Investment theories presented earlier. The 
residual funds theory, interest rate theory and echo effect 
theories all may be found in the logic of the acceleration 
principle. 
Yet another generalized theory of investment is the 
innovation theory of investment. Innovation theory suggests 
that investment in new capital stocks is determined primarily 
by factors other than liquidity, interest rates, capacity and 
age of existing capital stock. Investment is stimulated by 
the availability of capital stock exhibiting newly incor­
porated technologies. The innovation theory appears to be 
reverting back to the old "Say's Law" hypothesis that supply 
creates its own demand. While in general supply does not 
create its own demand, the innovation theory does have some 
relevance to the demand for farm machinery. Farmers seem to 
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react favorably to the availability of new implements with 
added frills such as power steering and foam rubber seats on 
tractors and hydralic lifts on field implements. However, 
the decision to purchase a new item of farm machinery is in 
most cases based finally on the flow and level of expected 
returns. 
Each generalized explanation of investment attempts to 
explain investment with only one relationship or variable. 
Investment theory is not a theory of "innovation", "increasing 
risk", "interest rate", "marginal efficiency of capital or 
investment", "pay off period", "length of life of asset" or 
of the "acceleration principle" alone (57). Aggregating the 
considerations presented individually provides a more 
realistic view of investment behavior than do the fragmented 
proclamations of the authors mentioned here. An investment 
function specified by aggregating the individual theories 
suggests that investment is some function of the interest 
rate, asset position of the firm, length of life of assets, 
profits, prices, the pay off period, age of capital stock and 
time. 
Marginalist Approaches to Investment and Demand 
The profit motive was assumed to be the basic motive of 
investment activity in the preceding discussion. Investment 
was assumed to be undertaken for the sole purpose of 
5^ 
maximizing profits. The motives of profit maximization, 
prestige, public spirit and fair dealing are all important in 
the specification of the characteristics of investment 
behavior (50). 
Utility maximization 
"When risk and uncertainty enter the picture the consumer 
or entrepreneur is faced with a choice. Pure profit maxi­
mization models do not allow for the operation of a choice 
mechanism (51)* Maximizing consumer's or investor's utility 
is a much more flexible postulate upon which to base an 
explanation of the operation of a choice mechanism. The 
utility approach to investment analysis requires specifica­
tion of that level of investment consistent with maximizing 
the utility of the future stream of withdrawals (51). 
The basic propositions of utility theory can be shown in 
a simple graph (Figure 3*3)• It is assumed that consumers 
follow a systematic preference ordering over time. 
Y, 
X. 
Figure 3.3. Indifference map showing maximum utility 
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Figure 3*3  shows four levels of utility or satisfaction 
attainable from various combinations of bundles of goods 
and Y2. They are Uj, and and denote 
iso-income curves whose slope is determined by the price 
ratio Py2/Py2. The utility curves, or indifference curves 
in the Paretian sense, are convex toward the origin, downward 
sloping to the right and nonintersecting. The downward slope 
defines the bundles of goods as substitutes for one another. 
The concept of diminishing marginal rates of product substi­
tution specifies convexity. Indifference curves are non-
intersecting by définition. If all points on a particular 
indifference curve are preferred to those points to the left 
and less preferred than those points on the right, one point 
can not at the same time be equal to and greater than a given 
level of utility. Maximum utility for a given level of 
income, say that denoted by R^ , is reached at point A. B is 
the point of maximum utility for income level R^  given 
constant prices. 
Expressing the Pareto indifference approach to utility 
maximization in equation form gives: 
(3.12) U = f(pi,Y) = utility is some function of income 
and prices. 
(3.13) dPy^ /dPyg = slope of the iso-income curve. 
(3.1^ ) dY^ /dYg = MRSy^ y^  = marginal rate of substitution 
between Y^  and Yg. 
56 
Maximum utility given income and prices is given by: 
(3.15) dY^ /dYg = Py^ /Pyg . 
The above may be solved much more simply algebraically. Let 
utility be a function of, say, two goods and X2 and let 
the consumer be subject to an income constraint. 
(3.16) U = ffXiXg) 
(3.17) + PgXg = b 
The point of maximum utility is then defined by the Lagrangian 
system: 
(3.18) L(X^ ,X2,K) = U(XiX2) + + ^ 2^ 2 " * 
Taking the partial of L with respect to X^  and Xg and 
equating with zero gives: 
(3.19) L^/2)Xi = ^ U/5X^  + X?! = 0 
and, ^L/^ Xg = BU/SXg + Xpg = ^  
which gives: 
'Sn/aXn 
where BU/BX^  and 9U/^ X2 the respective marginal utilities 
of X^  and Xg and \ is the so called Lagrangian multiplier. 
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Rewriting 3.20 yields: 
(3.21) MU^ /MU^  = P^ /Pg or the marginal rate of substitu­
tion of for X2 is equal to the price ratio. 
Equation 3,21 specifies what are commonly called the first 
order conditions for consumer equilibrium. The second order 
conditions are derived by taking the second total differ­
ential of Equation 3.18. To illustrate, 
(3 .22)  
(3.22a) 
dL = ai/JXi dXi + ^ L/aXg dXg + dX 
d^ L = ^^ L/à^ XjL dxf + A /^ X^ aXg dX^ d^X^  + 
a^ L/^ Xg^ X^  dXgdX^  + ^ L^/aXg^ X^  dX^ dX^  + 
dXg + A/^ Xg^ X. dXgdX + 
dXj^ dX + dX^ dX + 
dX^  < 0 . 
The determinant of the corresponding bordered Hessian matrix 
must be > 0. The signs of the elements must alternate in 
> 0 where represents the 
appropriate second 
partial derivative. 
order to specify a maximum. Second order conditions 
are often omitted because their precise usefulness is not 
"11 >^ 12 
"21 U22 
P, P_ 1 2 
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understood. 
The first order conditions for consumer equilibrium 
specify the tangency of the iso-income curve and the indif­
ference curve. Second order conditions specify the shape of 
the indifference curve by defining the marginal rate of 
substitution between alternative commodity bundles. 
The Paretian indifference curve approach and the 
Lagrangian scheme present a purely marginalist approach to 
the theory of consumer behavior. What relevance does the 
indifference approach have to questions of choosing between 
alternative investment schemes? 
To illustrate, let the indifference curves of 3«3 
represent levels of expected satisfaction attainable from 
two bundles or combinations of bundles of investment activi­
ties denoted and Yg. Let the iso-income line represent a 
budget constraint whose slope is determined by the ratio of 
the prices or interest rates required to secure funds for the 
investment projects. Whenever the iso-revenue curve and the 
indifference are tangent, first order conditions are satis­
fied. This procedure is justifiable when we view an 
investor, a consumer of durable goods, in the same light 
as the household, a consumer of nondurable goods. The 
algebraic manipulations required to fit investment or 
demand into the general framework of production are presented 
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later.^  
The quantities purchased by a rational consumer will 
always satisfy the first order conditions of Equations 3.20 
and 3.21. Although changes in price and income or capital 
contraint normally alter the expenditure pattern, the new 
quantities of price and income will satisfy the first order 
conditions. To allow consideration of the situation where 
prices and income are changing, all variables of the associ­
ated Lagrangian are allowed to change simultaneously. To aid 
in explaining this situation matrix notation is employed. 
(3.23) U = f(X) subject to P • X = Y 
(3.24) L(X \) = U(X) + X.(PX-Y) 
The first order conditions are SL/^ X = àU/JX + X.p = 0 and 
èL/êX = PX - Y = 0. The second order conditions are given by 
L^/3^ X and L^/^  which are equal to 
(3.25) 3^ 1/ fx = fu/lx dX + \dp + pdX or 
fu/ (fx dX + pdX = Xdp 
and 
(3.26) = PdX+ Xdp - dy or pdX + 0 = dy - Xdp, 
The consumer utility function specified above is 
unique except for a monotonie transformation. For proof see, 
Ôenderson and Quant, Micro Economic Theory, pp. 19. 
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Let H represent the matrix of fu/fx. The bordered Hessian 
is then: r-
-u/ fx P 
P 0 
Rewriting 3*25 and 3.26 gives; 
—\dp 
and 
(3.27) 
H P dX 
P 0 d\ dy-Xdp 
[dX/d\] = 
H P~ -1 -\dp 
P 0 dy-Xdp 
The expression dX/dP is the total effect on quantity of X 
consumed caused by changes in the price of X. 
(3.28) dX/dP = 
The total effect of a price change on the consumption of X is 
composed of two parts. The price effect holding utility 
constant is: 
H P~ -1 
P 0 -X 
(3.29) 3x/ap 
(utility constant) 
H 
P 
-1 
0 
The income effect with price constant is: 
n r -1 
(3.30) JX/JÏ 
(prices constant) 
H
P 
- X 
The above is the derivation and conclusions which result in 
the so called Slutsky equation (4#): 
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(3.31) àX/^ P = 5X/ÔP (utility constant) - x 3X/5Y (prices 
constant). 
What is the relevance of the specification of first and 
second order conditions for consumer equilibrium and the 
derivation of the Slutsky equation to investment behavior? 
The empirical analysis of Chapter VI is based on an aggrega­
tion of investment functions specified for individual farmers 
or groups of farmers. Marginal approaches to utility maxi­
mization and marginal considerations of the impact on con­
sumption caused by a price change lends valuable insight into 
the marginalist formulation of investment functions. 
To fit the theoretical considerations of marginal 
analysis into a generalized rationale for studying investment 
behavior requires considering the entrepreneur as a consumer 
of durable goods. The entrepreneur is concerned with costs 
involved in obtaining funds to allow him to undertake various 
bundles of investment activity. He is concerned with levels 
of satisfaction resulting from the elements of the choice set 
of investment alternatives facing him. The entrepreneur 
determines the levels of forthcoming satisfaction by formu-
lating expectations of probable yield of alternative projects. 
Motives other than pure profit motives may be incorporated 
into the utility approach to investment. Assume that the 
axes of the indifference diagram represent bundles of invest­
ment activities large enough to allow divisibility of the 
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bundle. The more speculative investment ventures are located 
at the outer extremities of the investment opportunity choice 
set. As the capital funds constraint is relaxed, more 
speculative ventures are feasible. 
The logic connected with the presentation and applica­
bility of Slutsky equation is the same as that used to 
justify presenting first and second order conditions of 
consumer equilibrium. Equation 3*31 shows the effect on the 
consumption of if the price of the ith good changes 
relative to the prices of other goods. Putting this into a 
framework applicable to investment behavior says an increase 
in price is the same as an increase in the cost of funds to 
undertake project Consumption of durable good 
normally decreases as capital becomes more expensive. Given 
no change in the price of funds for other ventures, the 
effects of the Slutsky equation are obvious. Utilization of 
project X^ , or the project yielding X^  is restricted partially 
because of changes in price and partially because of changes 
in the real value of the budget constraint representing the 
level of available funds; conversely for decreases in the 
cost of funds. 
Since effective demand emanates from the producing 
unit, it is useful and informative to consider the demand by 
a firm for a factor(s) of production regardless of the 
durability of that factor (57). Marginal theory of factor 
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demand is presented without reference to investment behavior 
7 per se. 
Some authors feel static demand formulations are most 
applicable to the real world. Others say all demand formula­
tions must be dynamic. Several expressions of dynamic demand 
are presented in the literature. Klein (57) suggests that 
demand and subsequently investment are dynamic in that they 
rely on expectations of the future based on occurrences of 
the past. Others propose that demand is dynamic when it 
considers the difference between the existing stock and the 
desired stock as changing over time (89). Total demand for a 
durable good is determined by the quantity of goods required 
to satisfy the need for replacement of obsolete and worn out 
stocks plus the difference between desired and existing 
stocks. To dynamatize this relationship requires a formula­
tion of economic conditions characterized by constant fluctua­
tion. Specification of a truely inclusive dynamic demand 
scheme is no simple task. The scope of this study and the 
data available does not facilitate formulation of a dynamic 
demand model, 
A static model can not explicitly account for risk and 
7 Investment is considered as an action to satisfy the 
subjective desire of want or demand. Therefore consideration 
of factor demand has an implicit, if not explicit, relation 
to investment activity. 
6^ 
imcertainty. However, careful interpretation of the varia­
bles and relationships resulting from the static formulation 
of factor demand lead to specification of workable factor 
demand functions. Heady and Tweeten (^ 5) point out that the 
static framework is an oversimplification of resource demand 
for agriculture or any other industry. 
Stocks of durable resources are a measure of firm size. 
Theory of demand or investment is then a theory of firm size. 
Factors affecting firm size are 1. initial asset position, 
which often is used as the base for deciding whether capital 
suppliers are willing to extend external funds to a firm, 
2. market imperfections, which impose restrictions on 
expansion, 3» the nature of the transformation function, 
which reflects the existing state of technological adaptation, 
4. lack of knowledge of existing alternatives which is 
closely tied to imperfections of the market, and 5» the 
entrepreneur's utility function (51). 
Factor demand derived from a production function 
o 
Assume a perfectly competetive firm. Assume also that 
the entrepreneur attempts to maximize profits in an economic 
system where input-output ratios and price ratios are known, 
O 
For a discussion of the characteristics of a competi­
tive firm in a competitive industry see Microeconomic Theory 
by Henderson and Quandt. 
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Adjustments are assumed instantaneous. Commodities (either 
inputs or outputs) are infinitely divisible and capital is 
Q 
unlimited. Prices are given (45). 
Matrix notation in the system of joint factor and product 
space requires definition of a number of terms. Let f be a 
vector of prices where the P are product prices and the 
n are factor prices. Let ^  be a matrix of outputs. 
Inputs denoted are negative outputs. The matrix ^  is then 
'I 
The production function is f(^  ) = 0. Letting f(^  ) = 0 de­
picts the homogeneous case where the function goes through 
the origin. The general first order conditions are found by 
taking the partial derivatives of the associated Lagrangian 
and equating to zero. The problem of profit maximization is 
one of maximizing subject to f (-^  ) = 0. 
(3.32) LC-^ X) = Pm + 
(3.33) 7>L/2-^  = P + X3f/6^  = 0 
L^/a\ = f(f ) = 0 
T^he decisions of individuals in a purely competitive 
market have no influence on price. 
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In factor space considering two factors; 
(3»3^ ) 7^ 2 = f^/G'y n+1 2^ ~ f^/c)^  n+2' 
The marginal rates of factor substitution are equal to the 
inverse of the factor price ratios as in Equation 3.35.  
Considering joint factor-product space, the first order 
conditions specify that a factor should be employed until the 
marginal value product of a factor is equal to the price of 
the marginal input. 
(3.36) = where i = outputs and j = inputs. 
J 
or j =  ^
(MVP) (FMI) 
The second order conditions are specified in exactly the 
same manner as for the case of maximizing entrepreneural 
utility. The joint space model is equally adaptible to the 
problems of maximizing output given inputs, minimizing inputs 
given output or maximizing profits subject to an income 
constraint. Joint space is applicable to any number of 
inputs and/or outputs. The second order conditions, not 
specified, are important for specifying the size of firms and 
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the number of firms in the industry even though the industry 
is based on a relatively fixed input of a resource such as 
land in the case of agriculture (4^ ). 
To specify the precise quantity of a particular resource 
desired, the profit equation is maximized: 
It is solved for the individual input quantities subject to a 
capital availability constraint. The procedure for deriving 
first and second order conditions for profit maximization 
subject to a capital constraint is precisely that used to 
specify first and second order conditions for maximizing 
entrepreneural utility. 
Maximizing profits subject to a capital constraint is a 
realistic approach. The consumer or the entrepeneur does not 
have unlimited amounts of capital available. The entrepreneur 
can relax the capital availability constraint by accumulating 
residual internal funds. This improves capital availability 
by providing absolute increases in funds. The availability 
of substantial internal funds often generates sizable amounts 
of external capital. As the restriction on capital avail­
ability is removed, the demand for factors may change even if 
the general level of available technology is constant. More 
productive and costly production techniques may be employed 
as the capital constraint is relaxed. New techniques may 
(3.37) 
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require a different factor mix than previously existed (^ 5). 
The second order conditions derived from twice totally 
differentiating the Lagrangian system associated with the 
profit Equation 3«37 and its constraint are important as 
complementary or substitutable factors of production are 
considered. A larger capital stock enables the inclusion of 
factors of production which are substitutes for existing 
factors, A firm operating in a competitive market structure 
where prices are considered fixed can expand profits by 
increasing its size.^ ® 
Heady and Tweet'en (4^ ) show the demand for a resource as 
derived from the joint space model as being given by: 
where X. = demand for the ith 
(3.38) X. = f(7r /P , X.)  ^ factor 
and X. = the level of the fixed 
 ^ factors of production. 
In words, the demand for the ith factor is some function of 
the factor product price ratio and the level of the fixed 
factors. The static approach to demand analysis has some 
applicability since farmers do make decisions based on 
expectations from current and past price relationships. Of 
course, factors other than prices or price ratios influence 
^^ Heady and Tweeten in "Resource Demand and the Structure 
of the Agricultural Industry" pp. ^ 7 include an illustration 
of how farmers may be able to increase profits by increasing 
farm size. 
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demand or investment. The consistency with which static 
economic theory explains the reasons for making or not making 
changes in production in response to price changes indicates 
that studies based on static theory should yield meaningful 
results (12). 
One concept or phenomenon connected with the static 
theory which has so far been omitted is that of symmetry. 
Symmetry refers to the fact that factor demand does not 
change if both factor and product prices change proportion­
ately in the same direction. This may or may not be true 
depending on how the respective changes in factor and product 
prices are viewed. If increases in product prices are viewed 
as more permanent than changes in factor prices, demand for 
factors may expand. However, if factor price increases are 
viewed as more permanent than changes in product prices, 
given a capital availability constraint, demand for some 
factors of production will be reduced. 
Derived factor demand from a Cobb-Douglas function 
To illustrate a specific form of a derived demand 
function for a particular resource, consider the simple case 
of a production function involving two inputs following the 
basic form of Cobb-Douglas production functions (^ 5). Let 
(3.38) Y = aX^ Z® 
be the Cobb-Douglas production function where Y is output, 
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a is a constant called the production coefficient, X and Z 
are variable factors of production. The exponents b and c 
are the elasticities of production associated with variable 
inputs X and Z respectively.^  ^ The marginal products of the 
inputs are given by: 
(3.39) = abX^ "^ Z° and Y/ Z = acX^ Z®'^  . 
The marginal rate of factor substitution is given by: 
(3.'+0) MRSgx = MPZ/MPX = acX^ Z°"VabX^ "^ Z° 
= acX^ '^ +l/abZ^ -G+l = cX/bZ = K = Pg/Px . 
Equation 3*^ 0 shows that for Cobb-Douglas production func­
tions the isoclines are linear through the origin. This 
means the proportionate factor mix remains constant as the 
price of the output increases relative to factor prices. 
First order conditions derived from the production 
function in Equation 3«38 are given by Equations 3.^ 1 and 3#*+2. 
(3.^ 1) acX^ Z^ '^ Py = Pg the marginal value product of Z 
is equal to its price, and: 
(3.^ -2) abX^  ^ Z^ Py = Px the marginal value product of X is 
equal to its price. From 3.4o, 
(3.^ 3) X = bc-lpgP^ Z^ 
^^ To prove that b and c are elasticities of production 
consider the simplest Cobb-Douglas production function 
Y=aX°. The general expression for elasticity is dY/dX • X/Y. 
Substituting we have, abX^ "^ /aX^  • X which is equal to 
abxVaX^  = b hence, b is the elasticity of production. 
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where X now represents the isocline. Rewriting the produc­
tion function to include only least cost combinations of X 
and Z gives, 
(3M) Y = a(bc"lp2P^l)bzC+b , 
Multiplying through by the price of the product, Py, gives 
the total value product. Marginal value product is derived 
by taking the partial derivative of total value product, TVP, 
as in 3A5. 
(3.^ 5) T^VP/3Z = c+bfaCbc'lpgPx-ljbzC+b-lpy] 
Setting MVP equal to the price of input as in 3.41 and 3.^ 2 
satisfies the first order conditions of profit maximization 
in factor space. Dividing both sides of 3.^ 5 by Pg and 
gC+b-l respectively gives, 
O-ltô) Z = [(o+bitCabto-bpgb-lp-b)] . 
Equation 3•'+6 gives the derived demand expression for input 
Z as a function of the coefficients of production, resource 
prices and the product price. "In general, an increase in 
the price of a particular resource will lower its use" (^ 5, 
22 p. 51)» The same algebraic gyrations are used to specify 
1 P A notable exception to this is presented in Chapter 6. 
It is shown that as the price of farm machinery items 
increases the purchases of tractors, other machinery and 
total machinery and motor vehicle increase. 
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the derived demand for X except that the isocline is speci­
fied in terms of Z. 
An approach sometimes employed at this jimcture is to 
suggest that the production function is dependent upon X, a 
particular factor, and Z representing all other factors of 
production. This approach simplifies the algebraic specifi­
cation of the derived demand for X. It is often assumed that 
Z represents fixed inputs. This being the case the produc­
tion function can be written Y = aX^  where K represents all 
fixed resources. Assuming a particular resource bundle 
fixed, removes the ratio of the price of the fixed inputs to 
the product price from the derived demand function. The 
derived demand when some factors are fixed is a function of 
the technical coefficients of production, the ratio of the 
price of the variable factor to the fixed factor and the 
fixed factors of production. 
The concept of elasticity has already been introduced. 
Elasticity is the term used to explain the magnitude of 
associated rates of change between production and inputs, 
factor price and factor demand, product price and product 
demand, price of one factor and the demand for another factor 
and etc. More precisely, elasticity or price elasticity of 
demand for factors represents the percentage change in 
quantity demanded of a factor associated with a one unit 
change in the price of the factor. In addition to price 
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elasticity of demand, the income elasticity and various 
supply elasticities exist. 
The price elasticity and cross elasticities of factor 
demand are derivable from Equation 3,^ 6. To find the elas­
ticity of factor demand with respect to its own price, the 
first partial derivative of 3.^ 6 with respect to the price of 
the factor is multiplied by the ratio This gives: 
(3*^ 7) ®7p ~ b—1/1—b—c . 
For the Cobb-Douglas production function, the elasticity 
depends only upon the coefficients of production. Factor and 
product prices, quantity of output and quantity of factors 
do not affect elasticities. The Cobb-Douglas production 
function specifies constant elasticities. Specification of 
the Cobb-Douglas function was a poor choice, in this respect, 
for other forms exhibit elasticities influenced by the 
magnitude of prices, output and other resources. The 
algebraic load of specifying the derived demand function is 
reduced using the Cobb-Douglas function. That is primarily 
why it is used here. 
The cross elasticity of factor demand with respect to 
other factor prices and the cross elasticity of factor demand 
with respect to product prices are given by: 
(3.^ 8) ~ —b/1—b—c 
and, 
7h 
(3«^ 9) Egp = 1/1-b-c 
Y 
respectively (^ 5). If a number of individual factors are 
specified in the Cobb-Douglas production function, the price 
elasticity of a particular factor is equal to the sum of the 
cross elasticities of the first factor and the price elas­
ticity of each subsequent factor. 
An example relating to farm machinery will help clarify 
the considerations presented in the specific form of derived 
factor demand functions and corresponding elasticities. If 
2 represents machinery input in general, Equation 3.^ 6 says 
that the demand for Z is a function of the ratio of machine 
prices to product price. If a number of other inputs are 
included the ratio of the prices of other factors to product 
prices and the coefficients of production which reflect the 
existing level of technology represented by the production 
function become important. Theoretically, if machine prices 
increase while inputs are constant, the use of machinery 
inputs will be reduced, given a budget constraint. The 
price elasticity of demand for farm machinery is an expres­
sion of the percentage change in the quantity of machine 
items purchased associated with a 1% increase in machine 
prices. The cross elasticity of demand for machines with 
respect to the price of another input shows the percentage 
change in machine purchases associated with a 1% change in 
the price of the other input. For substitute factors such 
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as machines and labor, an increase in the price of labor is 
associated with an increase in the pxirchase of machines. For 
complimentary factors such as tractors and other machinery, a 
decrease in the price of tractors is associated not only with 
an increase in the purchase tractors but also of other 
machinery items. The cross elasticity of machinery demand 
with respect to the prices received for crops reflects the 
percentage change in machinery purchases caused by a 1$ 
change in crop prices. 
The above responses could be expected if a firm were 
operating in a purely competitive input market. Suppliers of 
nonfarm factors of production, namely machinery, do not 
operate in a purely competitive environment. The supply of 
machinery need not be and, in fact, is not determined totally 
by the demand for machine items. Machine suppliers operating 
in an ologopolistic environment employ a good bit of discre­
tion in deciding the quantity of machines to place on the 
market and at what price. Machine manufacturers have not 
restricted the availability of new machines in recent years. 
Farmer demand for new farm implements does not push against a 
restricted supply. 
A detailed discussion of resource supply is beyond the 
scope of this study. A brief discussion of a few points 
related to input supply is useful in setting the stage for 
the final portion of this chapter. Resources in agriculture 
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typically have a low elasticity of supply. This is more true 
of land and capital stock in the form of machinery than 
labor, especially in the short run. Capital stock and land, 
when once committed to agricultural production, are not 
easily transferred to other employments, A combine or hay 
baler has few alternative employment opportunities in non-
agricultural fields. Land, once it has been sown and 
cultivated is not too attractive for nonfarm uses. Labor 
appears to be a more mobile resource than land and capital 
in both the short and long run. Consequently, the supply 
elasticity of labor may be much higher than that of other 
resources. 
The above cases refer to situations after a resource is 
committed to agriculture. It was suggested earlier that the 
supply elasticity of farm machinery was very low at the 
supplier level. The supply elasticity of capital stock items 
at the supplier level is much higher than the market suggests. 
The supply elasticity of resources in agriculture 
affects the factor mix and the level of technological adapta­
tion represented by the production function. Given the 
market for agricultural commodities, the factor mix and the 
ensuing level of production and their interaction with 
product prices, the affect on income, profits and resulting 
machinery demand becomes more clear. 
More detailed and sophisticated investigation of the 
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factor supply market is needed. 
Perhaps an extraneous comment may be inserted here. The 
factors influencing factor demand have been pointed out by 
outlining some generalized investment theories and the 
conditions specified by a demand function derived from a 
production function. One influence which is not mentioned is 
the idea that machine manufacturers are able to stimulate 
demand by systematically introducing new technologies. 
Introducing new technologies increases the rate of obsoles­
cence of the existing stock of machinery. 
Derived demand functions based upon the specification of 
a production function of a certain type involve measurement 
of the quantities of inputs purchased and not a measurement 
of dollar purchases. Derived demand systems should be con­
structed to include considerations of asset fixety and the 
ideas of additions to and depletion of capital stocks. This 
requires estimates of the expected capitalized earning power 
of inputs which are complementary or substitutable in the 
production process (22). 
An Investment Function for Farm Machinery 
Macroeconomic investment models postulated by Hicks, 
Kaldor, Dusenberry, Samuelson and others have attempted to 
explain cause and effect relationships as they apply to 
national aggregates (2, ^5). The multiplier reflects the 
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relationship between national income and investment. The 
multiplier is of doubtful use in the farm machinery invest­
ment function or even in an investment function representing 
gross investment in the agricultural sector. Investment in 
agriculture comprises only about 10^  of total national fixed 
productive investment. It is doubtful that changes in so 
small a portion of the aggregate investment bundle generate 
much of a multiplier effect. It is even more doubtful that 
investment in farm machinery causes a multiplier effect. 
Two formulations of the principle of acceleration have 
been presented; the capacity and liquidity formulations. The 
accelerator may be active in the agricultural sector as well 
as the national economy. Unfortunately, data necessary to 
determine the existence of the accelerator in agriculture is 
not available. Quantification of excess capacity of capital 
stock is difficult, if not wholely impossible. The liquidity 
formulation of the accelerator may be the most appropriate 
since agriculture has, for a number of years, been charac­
terized by depressed conditions. 
The remainder of this chapter is devoted to formulating 
a simple and, hopefully, workable model for the domestic 
demand for and investment in farm machinery. The dependent 
variables included in this analysis are 1. the total annual 
purchase of new machinery and motor vehicles, 2. purchase of 
new truck purchases, 3. new tractor purchases, new 
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purchases of other machinery such as harrows, balers, combines 
and plows, and 5. new purchases of farm autos. All depen­
dent variables are expressed in constant 19^ 7 to 19^ -9 dollars. 
Deflating allows the obtainment of measures of physical 
growth or changes in physical inventory and changes in 
quality (98). Farmers trying to achieve desired inventories 
of various machine types manipulate annual purchases. Annual 
purchases are used as dependent variables rather than stock 
levels. Tweeten (4%) emphasizes that given information of 
annual investment supplied by the specified investment 
function, it is possible to infer results about stock levels. 
Many researchers have obtained what they choose to call 
significant results by including lagged values of machine 
purchases as independent variables (38, 39, 60, 73). Most 
of the techniques employed by these authors included a 
distributed lag scheme to allow the influences of certain 
variables to be spread out over a period of time. Since no 
lagged system is used in this study, lagged values of 
dependent variables are not included as explanatory variables. 
Several explanatory variables are lagged one year but it is 
assumed the total effect is observed by the end of the second 
year. 
Recent investment studies by Meyer and Kuh (63) depend 
heavily upon net income to explain nonfarm investment 
patterns. In other studies, profits are found to be the 
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most significant variable. Hoover (50) suggests that interest 
rates viewed only as the cost of external funds are of little 
use. Interest rates should be viewed as reflecting the 
availability of both external and internal funds. Hoover 
concludes, based on his empirical investigations, that com­
parison of expected marginal rates of return against some 
interest rate is the exception rather than the rule in 
investment decisions of businessmen. Kendrick and Jones (55) 
found that farm investment in capital stock is a relatively 
stable fraction of farm income. Farm income fluctuations may 
be expected to influence the purchase of farm machinery. 
Griliches (4o), studying the demand for agricultural inputs, 
finds no good theoretical reason for including income in the 
demand equations for factors. He says income is usually 
introduced as a proxy variable for expectations and liquidity 
when in reality, income has little to do with liquidity ^ Mo). 
Expectations are based primarily on income trends of 
the past and those things which income is thought to repre­
sent. Liquidity is very much reflected by income levels. 
Liquidity by definition, is a function of income less costs. 
The availability of income data as opposed to reliable series 
of expectational values gives reason for including income in 
the investment function for farm machinery. Income serves as 
a useful base for determining the ability to repay the cost of 
a particular piece of machinery. Capital suppliers often 
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consider the ability to repay more than the entrepreneur 
himself. The availability of external credit is more a 
function of the ability of a farmer to repay a loan at the 
time the loan is made than the probable yield of the particu­
lar venture. 
Income is a function of prices, weather, quantities 
marketed and etc. Theoretically, each of the determinants of 
income should be specified independently in the model . 
This is not possible for two reasons. First, it is difficult, 
if not impossible, to define all factors determining annual 
income. Even if all variables affecting income could be 
defined, finding reliable data for each of the variables 
would be a difficult task. Second, the estimates obtained 
from ordinary least squares procedures break down if the 
number of explanatory variables becomes very large. Contrary 
to Griliches (4o), there is reason for including an income 
variable in the investment function for farm machinery. 
Total cash receipts from farm marketings plus government 
payments, cash receipts from livestock marketings, cash 
receipts from crop marketings and the level of government 
payments to farmers are included as possible choices of 
income variables. Increases in cash receipts are expected 
to be associated with increases in farm machinery purchases. 
Correlation between various price variables and cash 
receipts is low. Prices can be included in the same equation 
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as income and still yield useful results. 
Prices and price ratios are seriously considered by 
farmers attempting to formulate expectations of their ability 
to pay for a particular item of machinery. Prices received 
for crops and livestock are implicit in an income variable. 
Economists in the machine manufacturing industry suggest that 
livestock prices are more influential than crop prices in the 
investment decision in areas of heavy livestock concentration. 
The price of a particular factor of production is of 
interest only at the time of purchase. Once the factor has 
been purchased, the price of that factor and the relationship 
of price of the factor to the price of other factors is of no 
concern. The ability to pay for an input depends upon what 
happens to wage rates, land prices, interest rates and 
product prices ("+5). This in itself justifies the inclusion 
of prices as separate variables in the domestic farm machinery 
investment function. At the time the decision to purchase 
farm machinery is made not only the level of machine prices, 
but also the relationships between the machine price and 
price of other factors are considered. When deciding the 
advisability of purchasing a certain machine, such things as 
the ratio of machine price to prices received, prices of 
production items relative to family living items, machine 
prices relative to the labor wage rate and the level of 
machine prices relative to the prices of all production items 
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are important. 
Stocks of assets on farms at the beginning of an invest­
ment period have an affect on the current years investment 
activity. If stocks of assets are high at the end of the 
preceeding investment period, purchases may be lower in the 
current year for two reasons. First, large stocks of assets 
in the previous year tend to reflect reduced levels of 
financial assets held by the firm. Second, large stocks of 
machinery in the previous period may signify the presence of 
excess machine capacity which allows a moderate output 
expansion without additions to the stock of machinery items. 
Large stocks of autos on farms may reflect existence of 
adequate stocks of machinery items. If stocks of machinery 
items were not adequate financial assets would be used to 
purchase machines and not diverted to purchase of luxury 
items such as new automobiles. 
Lagged stock of various machine types serves as an 
indicator of the replacement demand for new machinery items. 
Effective machinery demand in recent years is a function only 
of replacement requirements and not of a gap between current 
and desired stocks. Bain (7) suggests that stocks of assets 
can, with proper maintenance, be made to last indefinitely. 
While it is doubtful that machine stocks can be made to serve 
indefinitely, introducing the idea suggests that maintenance 
costs may be a factor affecting machinery purchases . 
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Historically, interest rates have been regarded as the 
prime quantifiable motivator of investment in durable goods 
(21, 24, 35, 36, 37, 39, 56, 71). The conclusions of most of 
these studies reflect businessmen's responsiveness to the 
interest rate and may not be relevant for farmers. Farmers 
seldom invest to levels in the upper extremities of the 
investment possibility set specified by the availability of 
external and internal funds. It is doubtful that farmers 
react significantly to the minor fluctuations observed in the 
l") 
intermediate rate of interest, In order to test for 
insensitivity to the interest rate it is included in the list 
of possible useful variables. 
Farmers' liabilities are as important in the procurement 
of funds as the level of financial assets held. Suppliers of 
external capital require that the existing debt load of 
farmers not be disproportionately large. If farmers' debts 
are high periods of recession could spell disaster for the 
farmer and large losses to the credit supplier. Farm mort­
gage debt held by insured and uninsured leaders plus non-real 
estate debt held by all lenders are used as a liability 
variable. This liability variable reflects the increasing 
indebtedness of farmers in certain regions such as the 
^^ The intermediate interest rate is average the interest 
rate charged on loans of longer than 12 months and shorter 
than 5 years duration. 
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Southeast and Appalachain regions while at the same time 
reflecting fairly constant levels of indebtedness in other 
regions. Inclusion of a financial asset variable, a liability 
variable and a capital stock variable implicitly reflects the 
equity position of farmers. 
The level of technology represented by the production 
function has a bearing on the tendency of farmers to invest. 
If new technology in the form of machinery items is to be 
employed farmers need to be able to form expectations as to 
the increases in production possible from new machines. 
A farmer who has never used much commercial fertilizer in 
his operations and is contemplating the purchase of, say, a 
new planter with attachments for fertilizer, herbicide and 
insecticide application will inquire of his neighbors as to 
the increased productivity from using such items. The neigh­
bors often will quote past observed changes in yield per acre 
to point out the merits or demerits of using the new tech­
nologies, An indication of crop production per acre is used 
to reflect the rate and level of technological adaptation. 
New technologies requiring new and improved machinery items 
are not restricted to agronomic areas but are found in 
livestock production as well. An indicator of the trend in 
livestock production per breeding unit is included in the 
conceptulized farm machinery investment function, Scott (81) 
indicates that proxy variables for technology, specifically 
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output per man, can be employed in time series analysis 
without serious inadequacies. 
Weather has been regarded as a randomly determined and 
occurring phenomenon of nature. Recently, Thompson (94, 95) 
has suggested recurring weather patterns. While specific 
consideration of Thompson's results is not included, inter­
esting results might be found by including the influences of 
recurring weather patterns in a study of factor demand. 
Average farm size, the number of hired agricultural 
workers, federal land bank interest rates on new loans, 
cropland harvested, time and considerations of tenure are 
included in the farm machinery investment function. 
Since Chapter VI includes a detailed discussion of the 
specific investment functions found to be statistically and 
logically significant, a conceptual investment function is 
presented here. 
Let 
= investment in machinery by farmers expressed in 
terms of deflated annual purchases in period t. 
(Ij^  may represent new purchases of farm 
tractors, trucks, other machinery or total 
purchases). 
Yp = farm income in period t expressed in constant 
19^ 7 to 19^ 9 dollars. 
Pp = prices paid by farmers for various groups of 
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production and family living items in period t. 
Pr = prices received by farmers for farm produce, 
= stocks of physical assets on farms. 
M = monetary factors affecting farmers desire to 
invest and the willingness of capital suppliers 
to extend credit for the purchase of farm 
machinery. 
= level of technology adopted by farmers, 
W = weather. 
Oy = other variables representing changes in the 
structure of agriculture and the national 
economy as a whole. 
With these few general definitions, it is possible to 
postulate an investment function, 
(3.50) I„ = f(Yp, Pp, Pg, Sa, m, II, w, Oy) . 
V 
Chapter VI deals specifically with the desirability of 
various combinations of the variables included in each of the 
above general classifications. It shows which of the hypothe­
sized variables most completely explain fluctuations in the 
ik 
observed purchases of several classes of farm machinery, 
^^ For a good discussion of specific economic models which 
may be constructed from these variable groups see Resource 
Demand and the Structure of the Agricultural Industry by 
Earl 0, Heady and Luther G, Tweeten, pp. 275-288. 
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CHAPTER IV. STATISTICAL TECHNIQUE 
Empirical investigations of economic phenomena have been 
improved by incorporating applied statistical techniques into 
the analysis. No longer is the researcher restricted to 
intuitive assumptions, analysis and interpretation. Statis­
tical techniques do not remove all subjectivity from empiri­
cal investigation. They do give the researcher a more firm 
base for subsequent interpretations and policy or theory 
formulations. 
Choice of the appropriate technique or tool of analysis 
is not a "hit and miss" proposition. The structure of the 
problem area and the available data dictate the assumptions 
which the selected technique must allow. Demand analysis 
studies using various applied statistical techniques have 
refined our knowledge of the relationships involved in the 
demand for certain commodities. 
Of all analytical tools used in demand studies regres­
sion analysis has been the most popular. Simplicity.of 
procedures and interpretation of results explain the popu­
larity of regression techniques. Allowing maximum use of 
outside information and existing degrees of freedom are 
further attributes of regression analysis. Well defined 
probability tests and inference procedures add objectivity 
to interpretation of the results obtained from regression 
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analysis (71). Regression analysis assumes that fluctuations 
in variables of an investment function for farm machinery are 
systematic over time. 
The term "regression analysis" is a catch-all term used 
to describe investigations using any of several regression 
techniques. Estimates obtained using ordinary least squares, 
two-stage least squares and generalized least squares are 
commonly referred to as results of "regression analysis". 
(This list of regression types is not complete but is included 
to give an idea of some of the procedures from which the 
researcher may choose.)^  
Economists in the U.S.D.A. have attempted to use 
recursive programming to analyze demand for tractor power 
(31). Recursive programming involves the same basic ideas as 
normal linear programming. Recursive programming attempts to 
minimize or maximize a goal subject to certain restraints. 
It allows a long run solution (involving a number of years) 
obtained by a series of intermediate solutions. Each 
For a good treatment of simultaneous equations see 
J. Johnston, "Econometric Methods" Chapters 9 and 10. Chap­
ter 2)+ in M. Ezekiel and K. Fox. "Methods of Correlation and 
Regression Analysis" also contains some good comments on the 
general basic considerations of estimating parameters with 
systems of simultaneous equations. Generalized least squares 
is covered in some detail in Johnston's "Econometric Methods" 
Chapter 7 pages 179-192. Curvelinear regression is merely a 
respecificatlon of the functional form of the relationships 
among variables. See Ezekiel and Fox, "Methods of Correla­
tion and Regression Analysis" Chapters 6, l4 and 15. 
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successive intermediate solution depends on the resources 
available for that period which are in turn determined by 
utilizations and accumulations of resources in previous 
intermediate solutions. Simultaneously determined relation­
ships may be included in a recursive system. Recursive 
programming has met with poor reception as far as its 
usefulness as a tool for demand analysis is concerned. Few 
empirical demand studies using recursive or dynamic program­
ming techniques can be found. Major criticisms of recursive 
programming are that necessary data is difficult if not 
impossible to obtain and its lack of applicability to real 
world. 
Fox (31) concluded that the adjustment pattern assumed 
in the recursive programming model was too restrictive for 
use in analyzing the demand for tractor power. Classifying 
farms into groups having all characteristics similar except 
machine costs is difficult. If all farmers adjust to 
changing tractor and machine costs, it is doubtful that the 
adjustment is the same for each farmer in each classification. 
It is unrealistic to assume similarities between members of 
each group remain constant and in the same relative mix over 
time. 
The recursive programming technique was eliminated from 
this author's procedural choice set for two reasons. The 
first reason relates to the difficulty associated with 
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delineating the appropriate experimental and observational 
unit# Problems of data collection are the second reason for 
discarding the recursive programming technique. 
Input-output techniques or simultaneous equation pro­
cedures might be considered if the problem were to analyze 
both supply and demand aspects of the farm machinery industry. 
As pointed out in Chapter II, the principle concern here is 
with the farmers' demand for new farm machinery. We are not 
explicitly concerned with the interaction between farmer 
demand and the supply of farm machinery by machine manufac­
turers. 
Cromarty (22) points out that specifying a single 
equation model to be estimated by ordinary least squares 
techniques considers the farm sector as having a quantifiable 
demand for the services of tractors, trucks, farm implements 
and other capital stock. Budget restraints can be incor­
porated into the system by including an income variable. 
Considerations of consumer choice can be accounted for by 
including both factor and product prices. Other endogenous 
and exogeneous influences can be specified as long as care is 
given to avoid multicollinearity among the included variables. 
For the case where manufacturers are able to set the prices 
of their product there appears to be good reason for the use 
of single equation least squares estimates (22). The same is 
true when price of the capital stock is not influenced by 
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current sales of the stock (39, 13). The single equation 
ordinary least squares technique is employed in this study. 
Least Squares Estimation 
Having decided to use single equation models estimated 
by ordinary least squares, several questions must be answered. 
What types of data are available? Should time series or . 
cross sectional data be used? Should the data be deflated? 
If so, what deflator should be used? Should both current and 
lagged values of independent variables be used? Should the 
data be transformed to account for nonlinearities? Or should 
curvilinear forms be specified? Some curvilinear forms are; 
Y = a+bX+cX^  
Y = a+b log X 
Y - 1 
a+bX 
Y = a+bX+cX^ +dX^  
Y = a+bX+c 
Curvilinear forms are not used in this study except for a 
logarithmic transformation of original data. 
The price ratios specified in derived factor demand 
systems have a number of advantages in statistical time 
series application: (a) avoidance of errors from use of 
general price deflators such as the consumer and wholesale 
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price indexes, (b) the reduction of multicollinearity and 
(c) increased degrees of freedom (^ 5), The use of time 
series data in regression frameworks has been the object of 
considerable discussion in the literature. Some feel that 
the very nature of time series data renders regression 
analysis useless. Others ignore the problems encountered in 
using time series data and proceed as if all necessary 
conditions are met. Consideration of problems associated 
with time series data are of great concern since the data for 
this empirical analysis is indeed time series data. 
In order for the least squares system of estimation to 
operate, five assumptions are necessary. These assumptions 
are, 
1, E(u) = 0 the mean of the error term is 0. 
3, ECu^ u^ ^^ ) - 0 the covariance of = 0 o? 
the errors are independent. 
M-, u-~N the error term is distributed 
normally. 
5, The explanatory variables are a fixed set of numbers. 
2 2, E(uu') = cT I„ the variance of the error term is 
cy^ Ir,. 
Errors in variables 
The "time series problem" is the term given to the 
presence of errors in variables. If errors in variables 
occur, the observed values of the variables are only approxi­
mations of true values. Let X = X' + z and Y = Y' + X. and 
let Y' = a + giX'. Substituting for Y' and X' gives: 
(^ .1) Y = a + ^ X + w where w = (X - pz) 
Although z and X may be mutually exclusive and serially 
independent with constant variances, the assumptions neces­
sary for the operation of ordinary least squares are not met. 
The covariance of X and w does not vanish. The error term w 
is not independent of X. Application of least squares under 
these conditions yields biased estimates of the parameters a 
and p. The bias is toward zero for large samples (53). 
Errors of observation in only the dependent variable 
lowers the correlation and increases the standard error of 
estimate. The slope of the regression line is not changed. 
Observation errors in the independent variables increase the 
standard error of estimate, decrease correlation and yield 
downward biased net regression coefficients (29). 
One way to approach the problem of errors in variables 
is to make an assumption about the ratio of error variances. 
Estimates of a and p may be obtained using the maximum 
o 
likelihood estimating technique. Seldom is a priori 
W^hen speaking of error variances reference is to 
variances of the errors of observation and not the variance 
of the estimated values of the dependent variables. 
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knowledge on the ratio of the error variances available, 
Wald (113) and Bartlett (8) suggest that problems of 
errors in measurement be handled by grouping observations, 
Wald*s system breaks down for normally distributed variables. 
Bartlett's procedure does not specify the number of variable 
groups necessary to solve the problems of errors in observa­
tion. Since the results in one case and the procedures in 
the other case are subject to serious limitations, neither of 
these two techniques was chosen. 
Johnston (53) suggests the use of instrument variables 
to compensate for errors in variables, Johnston's technique 
requires definition of an instrumental variable independent of 
the errors of observation of both the dependent and indepen­
dent variables. Often the actual procurement of such an 
independent instrumental variable is left entirely to 
Providence, Three major difficulties arise with the use of 
instrument variables. First, there is a good deal of arbi­
trariness in selection of the instruments. Second, it is 
difficult to insure that the instruments are independent of 
the errors of observation. Finally, the approach places sole 
emphasis on consistency of the derive estimates. 
Three schemes for handling errors of observation have 
been mentioned; assuming some value for the ratio of the 
errors of observation, grouping the observations according to 
some scheme and the use of instrument variables. Each of 
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these schemes has serious insufficiencies. Due to lack of 
well tried alternatives, the subjectivity of alternative 
procedures and the author's lack of familiarity with the 
operational detail of techniques to correct for errors in 
observation, no attempt is made to account for errors of 
observation. It is assumed that X = X and Y = Y. No errors 
exist in either system of variables. 
Autocorrelation 
Autocorrelated error terms often occur with the use of 
time series data (19). 
Definition 1, Autocorrelated error terms arise when the 
condition of independent distribution for 
the error terms is not met. The error 
term of one period is not independent of 
the errors of previous periods. 
There are three main causes of autocorrelated error 
terms. 1. Incorrect specification of the form of relation­
ships between economic variables, 2, Omission of important 
explanatory variables, 3, Errors of measurement. 
The second and third causes of systematic errors are 
present in most studies using regression analysis of time 
series data. It is virtually impossible for a researcher to 
conceive of all relevant variables in a given economic 
setting. If it were possible, the task of data procurement 
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and the calculations would be prohibitive. Based on an 
understanding of the economic phenomenon to be studied, the 
researcher chooses the variables to be included in the 
analysis. Failure to include variables does not always 
result in autocorrelated errors. If the omitted variables 
are independent of the included variables, and if the omitted 
influences fell equally above and below the regression line, 
systematic errors do not occur. Any departure from the above 
situation may result in autocorrelated errors. If the 
unincluded variables are highly correlated with some of the 
included variables, autocorrelated errors may result. If 
there is serial correlation in the X variables, serially 
correlated error terms occur. Undue attention is often given 
to serial correlation in the explanatory variables. Serially 
correlated error terms often go undiscovered or unrestricted 
(19). 
When using time series data most researchers use 
secondary data. Secondary data is seldom collected to 
explain the particular economic relationship being studied. 
Incorrect functional form has been cited as one of the 
causes of autocorrelated error terms. To allow for possible 
nonlinearities in the variables, a logarithmic transformation 
of the data was made. Ladd (65) in studies at Iowa State 
University has found that 26 to 66 percent of the equations 
used in his study contained significantly autocorrelated 
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error terras. What are the consequences of the presence of 
systematic errors? Autocorrelation in the errors indicates 
that the assumptions necessary for use of least squares are 
not met. The covariance of the error terms for successive 
periods is not zero, S(uj.u^ -^j^ ) ^  0. Serially correlated 
errors cause upward biased sampling variances of the esti­
mated regression coefficients. The sample estimate of error 
variance is likely to be understated if autocorrelated errors 
are present. Where autocorrelated errors occur, the parameter 
estimates (estimates of are unbiased, but they are 
inconsistent.3 
Tests should be made to substantiate or disprove the 
hypothesis that autocorrelated errors are present. Simply 
saying that if autocorrelated errors exist the results will 
be interpreted cautiously is not enough. It is difficult to 
determine how "caution" should be applied. What is needed is 
a test for the presence of autocorrelation. Several indica­
tors of autocorrelation have been proposed. It is possible 
to use the coefficient of autocorrelation, the Von Nueman 
ratio (29) or the Durbin-Watson d statistic (19, 20) to 
S^ee Footnote 1, Chapter IV for source of discussion 
on generalized least squares estimation. 
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li. 
test for autocorrelation in the residuals. 
The autocorrelation coefficient is the simple correla­
tion coefficient of the error terms assuming that the means 
of and are equal to zero. 
The Von Neuman ratio is the ratio of the mean square 
successive difference to the variance. If the values of the 
Von Neuman ratio are very large or small, the test concludes 
negative or positive autocorrelation respectively. The Von 
Neuman is invalid where "non-fixed" explanatory variables are 
in the regression model. 
The most commonly used and in many respects, the most 
easily calculated test for autocorrelation is the Durbin-Watson 
T^he formulas for the three measures of autocorrelation 
are respectively, 
1. ZCz^ z^ +i) where the are the residuals 
— ( Y - Y )  f r o m  t h e  r e g r e s s i o n  
equation. 
2 2, S(z^  ,-z^ ) Verbally described as the ratio 
-^=—-— of the mean square successive 
n-1 difference to the variance. 
n 
3-
= "d" 
2z, 
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"d" statistic. Upper and lower bounds for the d statistic 
have been calculated (27). If calculated values of d are 
less than dj^  (the lower bound) the hypothesis of random 
disturbances is rejected in favor of positive autocorrelation. 
If d is greater than d^  (the upper bound) there is no reason 
to reject the null hypothesis of random disturbances. If d 
falls between d^  and d^  the test is inconclusive as to the 
existence of autocorrelation. 
There are several serious shortcomings of the Durbin-
Watson "d" statistic. First, "d" is applicable only where 
fixed exogenous or explanatory variables are used in the 
regression equation. When lagged values of the dependent 
variables are included as explanatory variables the explana­
tory variables are not fixed. "The coefficients of the lagged 
variables pick up part of the autocorrelation in the residu­
als, at once biasing the estimated coefficients and invali­
dating the use of the Durbin-Watson statistic and any other 
statistic based on residuals" (20). The addition of lagged 
values of dependent variables reduces serial correlation in 
the residuals. But, the addition of lagged values of the 
dependent variable invalidates the tests for autocorrelated 
errors. 
Another criticism of the "d" statistic is that the 
indeterminant range for values of "d" is large when the 
degrees of freedom are small and the number of explanatory 
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variable is small. Researchers often incorrectly interpret 
the inconclusive range of "d" as showing no evidence of 
significant autocorrelation. 
If significant autocorrelation is found, some scheme 
must be adopted to correct for the possibility of auto-
correlated errors. Generalized least squares yields parameter 
estimates where autocorrelation exists. Generalized or 
autoregressive least squares involves a number of assumptions 
about the autoregressive structure of the error term. 
Cochrane and Orcutt (19) list five common autoregressive 
structures. 
!• "t+1 = "t + 0'3(Ut-Ot.l) + «t+1 
2. 14+1 = "H ®t+l 
3. «t+l = 0"3"t + ®t+l 
"t+1 = ®t+l 
5* »t+l - ®t+l - ®t 
Number 3 is the simplist and most often used autoregressive 
structure. It is called the first-order Markov scheme. 
The first-order Markov process is written u^  = f\_i + ®t 
A 
where is the residual (Y-Y) from the regression equation 
and is the error. ^  is the coefficient of autocorrelation. 
Data is transformed under the first-order Markov process 
according to Y^  = Y^  - "Ç^ t-l ~ ^ t^ -f^ Ci^  where 
i = 1.2 ..... n, ^  is often assumed equal to 1, The process 
then becomes simple first differencing of the series. 
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Ezekiel and Fox (29) show that first differencing reduces 
intercorrelation if two or more time series are correlated as 
a result of trends which may not reflect logical or causal 
relations between them. If one of the explanatory variables 
is correlated significantly with one or more of the unincluded 
variables, first differencing reduces autocorrelation. The 
results of least squares analysis of first differences 
obtained by Britney (13) are not impressive. 
Although assuming P = 1 is the simplest assumption, it 
is not necessarily the best. If the assumption of P = 1 is 
rejected,it remains then to estimate more realistic values 
for P • The coefficient of autocorrelation, f , may be 
estimated by using the regression model Uj. = -^1 ®t 
where are the residuals of the least squares estimates 
(Y-Y) and i = the ith time period. Theil and Nagar (93a) 
have found a simpler technique. They conclude that a 
reasonably good estimate of P is obtained from the equation 
A 
= 1 - % Q. Q is an estimator of the ratio var. (u^ -u^  ^ )/ 
A 
var. u^ . P obtained from the Theil and Nagar equation is 
approximately equal to that found by regressing u^  on p 
Having an estimate of P the transformation of dependent 
and explanatory variables may be made. Least squares 
estimating techniques are applied to the transformed data. 
The Durbin-Watson "d" statistic is calculated as before. 
If d > du the null hypothesis of random errors is not 
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rejected and the process ends. If d < d^  or if d^  < d < d^  
it is advisable to repeat the process until the null hypothe­
sis of random errors is not rejected and d^  < d. 
This elementary discussion of autocorrelation is not 
meant to imply that problems of autocorrelated error terms 
are easy to resolve. The first-order Markov process is the 
simplest technique for handling systems where autocorrelated 
errors are present. There are other more complicated first 
and second-order processes.^  The investigation of systems 
including autocorrelated error terms in this study considers 
only the first-order Markov structure for systematic errors. 
Estimates of P were obtained from 1 - Vfe d, where d is the 
Durbin-Watson statistic, Autoregressive investigations were 
conducted only on U. S. models. 
If the error terms are found to be random,autocorrela­
tion may exist between the X variables without serious loss 
in efficiency (19).^  Serial correlation among the X vari­
ables is but one of the problems relating to the X variables 
which plagues the researcher. 
%ore sophisticated first-order and second-order 
autoregressive schemes are beyond the scope of this study. 
Such efforts belong more in pure statistics and econometrics 
than empirical economic investigations. 
A^utocorrelation in the X variables is commonly 
referred to as serial correlation. 
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Miiltlcolllnearlty 
Another problem involving the explanatory variables 
occurs when two or more of the explanatory variables are 
highly interrelated. 
Definition 2. Multicollinearity results when the 
explanatory variables are so highly 
correlated that it becomes difficult 
to obtain good estimates of the relative 
effects of each of the variables (53)« 
If perfect multicollinearity between variables exists 
it is not possible to obtain estimates of their respective 
net regression coefficients. In order to obtain such 
estimates, it is necessary that matrix of sums of squares and 
cross products, (X'X), be of full rank.'' If perfect multi­
collinearity exists, at least two explanatory variables are 
linear combinations of one another. Consequently, the (X'X) 
matrix is not of full rank. Rules of elementary matrix 
theory require a matrix to be of full rank in order to obtain 
an inverse. If (X'X) is not of full rank (X'X)does not 
exist; (X'X) is said to be singular, and no estimates of the 
net regression coefficients are possible. To illustrate; 
if P = (X'X)"^ X'Y (53) and (X'X)"^  does not exist there is 
T^he rank of a matrix is determined by the number of 
independent rows or columns. To be of full rank all rows 
and/or columns of a matrix must be independent. 
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no solution to the equation. 
Multicollinearity occurs when some of the explanatory 
variables are highly correlated but not perfectly so. The 
standard errors of the explanatory variables serve as a clue 
to the presence of multicollinearity. The sums of squared 
_ 2 deviations, Z(Xij - Xij) , decrease as multicollinearity 
increases. If the standard errors of some or all of the X 
variables are low, it is reasonable to suspect that the 
explanatory variables are interrelated. There is consider­
able disagreement on whether or not the sample estimate of 
the variance is impaired by the fact that the independent 
variables are highly correlated (^ 1, 88). Multicollinearity 
causes increases in the standard error of the net regression 
coefficients and the coefficient of determination, (R^ ). 
Ratios with common denominators may present some problems 
when used in the linear model, Karl Pearson suggests that 
correlation between series of ratios could be higher than 
the correlation between numerator series. 
Definition 3* Spurious correlation is that increase in 
correlation between series of ratios with 
a common denominator as opposed to the 
correlation existing between numerator 
series. 
When the money value of output, purchases or inventory 
is divided by a price index no question of spurious correlation 
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need arise. Deflating data simply compensates for the 
effects of price inflation (64). To paraphrase a statement 
in the proceeding reference, deflation is not likely to do 
much positive harm in time series application. 
If multicollinearity is serious, the only real remedy 
lies in acquiring new data series which are not highly 
interrelated. This is not often practical. Two techniques 
exist for handling multicollinearity. First, least squares 
regression analysis will not yield seriously incorrect 
results if the degree of correlation between series is not 
greater than say +0.8 to +0.9 (85). If care is given to 
select variables which are correlated less than +0.8 to +0.9 
useful results may be obtained. Second, using both cross-
sectional and time series estimates of the net regression 
coefficients improves estimates of the parameters. 
Time series data is data representing periodic, most 
often annual, numerical values for a particular variable. 
Time series data reflect changes as being smooth over time. 
This is especially true when the data are in the form of 
annual averages (10). Cross sectional data refers to a 
number of observations on a particular variable at a given 
point in time. If autocorrelation exists, error variances 
derived with cross-sectional data are larger than those 
found when using time series data. It may be desirable to 
analyze relationships using both types of data. The net 
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regression coefficients obtained by applying least squares to 
time series and cross sectional data are not directly com­
parable. Time series parameter estimates reflect short run 
fluctuations. Cross sectionally derived estimates are more 
long run in nature (61). Cross sectional analysis does 
reduce the common time series problems of independence of 
observation and incorrect functional definition or identifi­
cation (71). Meyer and Kuh (71) illustrate the procedure 
whereby estimates of regression coefficients based on both 
types of data may be used jointly. 
It is possible to compensate somewhat for the existence 
of multicollinearity by using estimates based on both cross 
sectional and time series data. Care must be taken to 
formulate realistic cross sectional models from which 
extraneous estimates of are derived. 
Dummy variables 
Nonquantifiable economic relationships are known to 
exist. Qualitative comparisons and structural changes in 
the basic characteristics of the universe are not quanti­
fiable. Dummy variables, sometimes called zero-one variables, 
can be used to represent changes in non-quantifiable varia­
bles. Dummy variables may be used when the original observa­
tions can be logically divided into mutually exclusive 
classes. Zero-one variables are useful when there have been 
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sharp institutional changes in the system. If changes are 
gradual, the dummy variable approach does not yield signifi­
cant results (97). 
When constructing a system of dummy variables, care must 
be taken to insure that the matrix of sums of squares and 
cross products, (X'X), remains a non-singular matrix. Many 
regression models are specified: 
(4^ 2) Y = PqXq + + ... where is the 
constant term. It is often difficult to construct a zero-one 
system which allows full rank of the expanded X'X matrix. 
Some of the problems can be eliminated by reformulating the 
model eliminating the constant term. The model then appears 
as, 
(^ .3) Y = p]^ X^  + pgXg + P3X3 + + (53). 
One of the dummy variables could have been omitted as easily 
Q 
without affecting the results. 
g 
Let X^  and X2 be dummy variables in C=a2X]^ +a2X2+PY. 
Where X^  = 1 in war years and 0 in peace and X2 = 1 in peace 
and 0 in war. The coefficient of X^  is then the war years 
intercept and the coefficient of X2 is the intercept for non-
war years. The equation above has no intercept term, hence 
X'X is singular. 
The problem can be remedied by letting C=Y2+YpX2+PY. 
Where Xg = 0 in war years and 1 in peace. The wartime 
equation is then C = Yi + pY and the peacetime equation is 
C=Y2+Y2+PY where Yjsa^  and Y2=(a2-a]^ ). 
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The net regression coefficients of the dummy variables 
A 
must be interpreted carefully. From Equation ^ .2, Pq is the 
A 
estimated constant. The for each dummy variable represent 
A 
departures from the mean intercept Pg. The intercept for the 
classification represented by dummy variable would be 
A * 
Pq + and so on for other classifications. 
In addition to measuring changes in intercept changes in 
the slope of the regression can be measured using dummy 
variable systems. To measure slope changes and interaction 
term involving X and the dummy variables is introduced. 
This elementary presentation of basic concepts and 
assumptions of linear regression is made to acquaint the 
reader with enough of the concepts to understand some of the 
common problems of regression analysis. The assumptions of 
least squares estimation must be met. If the original data 
does not meet the necessary assumptions, the data may be 
transformed to yield usable parameter estimates. 
The general functional form used in this study is 
Y = f(Xi; X2, X^ , 2^ , u^ ). Writing this functional 
relationship in equational form gives Y= P0X0+P1X1+.... 
® where the number of explanatory variables goes from 
1 to k., Writing Y = ^ QXQ + p^ X^  + .... + pjjXjj. + 6 assumes 
only residual error is involved and that no error is present 
in the X's (3). There are n observations on each of the 
dependent and explanatory variables. Estimates of the 
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intercept, Pq, the net regression coefficients, and the 
2 
standard error of estimate, are obtained using least 
squares estimating procedures on time series data. The 
students "t" test is used to test hypotheses about the 
The "t" used is the ratio of the to its standard error. 
The F test is employed as a general criteria for determining 
whether the explanatory variables explain a significant 
A p 
amount of the variance of the Y's. R values are used only 
to compare the explanatory capabilities of various regression 
equations. The Durbin-Watson "d" statistic is presented for 
most useful equations for U. S, models. 
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CHAPTER V, PROCEDURES 
Specification of Variables 
Discussions with Paul Strickler of the U.S.D.A., Lester 
Kellogg and Lester Sartorius of Deere and Company and Bernard 
Bowlen of Caterpillar Tractor Company indicated that the 
demand for farm machinery is dynamic.^  Time series data are 
assumed to reflect the structural changes affecting farm 
machinery demand. No attempt is made to formulate dynamic 
investment models. 
Part 1 of this study is an attempt to isolate the 
relationships affecting the total domestic demand for new 
farm machinery. The U.S. investigations cover two time 
periods, I9II to 1962 and 19^ -7 to 1962.^  Investigating 
national data first allows elimination of many insignificant 
variables. This reduces the task of collecting regional data. 
Regional analyses of the demand for new farm machinery 
comprise part II. Regional comparisons of the components of 
the investment functions give valuable insight into the 
structure of the domestic demand for farm machinery. 
Much of the initial determination of variables to be 
D^ynamic, as used here, refers only to the phenomenon 
of continual change. 
T^he coverage of the two time periods used for the U.S. 
analysis extended only to 1962 since data for many variables 
was not available for more recent years. 
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included is based on an intuitive understanding of the 
universe being studied. The researcher need not know all of 
the details of the topic at the outset. Scanning the 
available literature and formulating an understanding of the 
basic principles relating to the determinable structural 
interactions of the problem area is required. The large 
number of variables presented at the end of this chapter are 
the result of a careful review of literature and what is 
hoped to be a practical understanding of the factors con­
sidered by a potential purchaser of farm machinery.^  Specifi­
cation of the first equations to be estimated involved the 
same subjective processes as specification of variables to be 
employed. Selection of subsequent combinations of explana­
tory variables is dictated by the results of the test 
statistics mentioned at the end of Chapter IV. 
Variables for U.S. analysis 
Dependent variables used in the aggregate United States 
models are the following: 
1. Total new machine purchases for the calendar year, 
measured in constant 19^ 7 to 19^ 9 dollars, 
3por a discussion of various expectational models 
believed to be used by farmers as they contemplate all types 
of farming programs and investment alternatives see Economics 
of Agricultural Production and Resource Use by Earl 0. Heady, 
Chapter 16. 
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2. Value of farm machinery and motor vehicles on farms 
for the calendar year, measured in constant 19^ +7 to 
19^ 9 dollars. r"" 
3. Value of farm machinery and motor vehicles on farms 
for the calendar years measured in constant 194? to 
19^ 9 dollars derived by capitalizing depreciation 
estimates. 
4. New tractor purchases for the calendar year measured 
in constant 19^ +7 to 19^ 9 dollars. 
5. New truck purchases for the calendar year measured 
in constant 19^ 7 to 19^ 9 dollars, 
6. New auto purchases for the calendar year measured 
in constant 19^ 7 to 19^ 9 dollars. 
7. New purchases of other machinery for the calendar 
year measured in constant 19^ 7 to 19^ +9 dollars. 
Variables 1, 6, and 7 are used as dependent 
variables in phase 1, Investment functions for each depen­
dent variable are presented in Part I of Chapter VI, Depen­
dent variables 2 eind 3 are different measures of the same 
thing. Annual purchases of machinery items reflect demand 
more explicitly than does the value of machinery stocks on 
farms. The value of farm machinery and motor vehicles on 
farms may have more value as an explanatory variable than as 
a dependent variable. Machine stock values are highly 
correlated with a number of explanatory variables depicting 
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farmers' asset position. Variables 2 and 3 are not used in 
the analysis. 
Dependent variable 7 includes purchases of all major 
nonpower machine items. Included in the "other" category as 
purchases of combines, corn pickers, mowers, pick up balers, 
plows, harrows, sprayers, elevators and etc. Available data 
does not allow analyses of demand for each of these machine 
types. 
The following is a list of the explanatory variables used 
in aggregate United States investigations. All series 
representing dollar values are expressed in constant 19^ 7 to 
19^ 9 dollars. The consumer price index was used as the 
common deflator, 
11, Total cash receipts (CR-^ ) 
12, Total cash receipts in period (t-1) (CR-j^ .j) 
13, Index of prices received by farmers (PR^ ) 
14, Index of prices received by farmers in period (t-1) 
(PRt-i) 
15, $ change in total cash receipts (^ DCR^ ) 
16, % change in total cash receipts in period (t-1) 
17, Index of prices received by farmers for crops 
(PRCt) 
18, Index of prices received by farmers for crops in 
period (t-1) (PRC^ .i) 
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19. Index of prices received by farmers for livestock 
CPEL^ ) 
20. Index of prices received by farmers for livestock 
in period (t-1) (PRL^ _^ ) 
21. Prices received by farmers for beef cattle ($/cwt) 
(PRB^ ) 
22. Prices received by farmers for beef cattle ($/cwt) 
in period (t-1) (PRB^ _2) 
23. Government payments to farmers (GP^ ) 
2h, Government payments to farmers in period (t-1) 
25. Index of prices paid by farmers (Pp^ ) 
26. Index of prices paid by farmers in period (t-1) 
(ppt-i) 
27. Index of prices paid by farmers for production 
items (PPpt) 
28. Index of prices paid by farmers for production items 
in period (t-1) (PPPt_i) 
29. Index of prices paid by farmers for family living 
items (PFL^ ) 
30. Index of prices paid by farmers for family living 
items in period (t-1) (PFL^ _^ ) 
31. Index of prices paid by farmers for machinery 
items (MP^ ) 
32. Index of prices paid by farmers for machinery items 
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in period (t-1) 
33. Cost of maintaining machinery items (Mc^ ) 
34. Cost of maintaining machinery items in period (t-1) 
35' Land prices ($/acre) (LP^ ) 
36. Land prices ($/acre) in period (t-1)(LP^ _^ ||^ ) 
37. Index of prices paid by farmers for livestock (PPL^ ) 
38. Index of prices paid by farmers for livestock in 
period (t-1) (PPL ) 
*C—1 
39. Index of prices paid by farmers for motor vehicles 
(M7P^ ) 
0^, Index of prices paid by farmers for motor vehicles 
in period (t-1) (MVP^ _-j^ ) 
•^1, Index of the farm labor wage rate (LWRj.) 
k 2 .  Index of the farm labor wage rate in period (t-1) 
(LWH^ .i) 
•^3. Number of horses and mules on farms (HM^ ) 
44. Index of total farm inputs (TFI^ ) 
45. Index of total farm inputs in period (t-1) (TFIt_i) 
46. Index of mechanical power and machinery input 
(IMP^ ) 
47. Index of mechanical power and machinery input in 
period (t-1) (IMP^ _^ ) 
48. Number of hired agricultural workers (HAW^ ) 
49. Number of hired agricultural workers in period 
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(t-1) (HAW^ _^ ) 
50. Number of tractors on farms (tS^ ) 
51. Number of tractors on farms in period (t-1) (tS^ .^ ) 
52. Number of trucks on farms (mtS^ ) 
53 • Number of trucks on farms in period (t-1) (mt8^ _]^ ) 
5^ . Number of autos on farms (aS^ ) 
55. Number of autos on farms in period (t-1) (aS^ _2^ ) 
56. Number of grain combines on farms (gcS^ ) 
57. Number of grain combines on farms in period (t-1) 
(gc8t_i) 
58. Number of corn pickers on farms (cpS^ ) 
59. Number of corn pickers on farms in period (t-1) 
(cp8t_i) 
60. Number of pick up balers on farms (pbS^ ) 
61. Number of pick up balers on farms in period (t-1) 
(Pb8t_i) 
62. Number of field forage harvesters on farms (ffhS^ ) 
63. Number of field forage harvestors on farms in 
period (t-1) (ffhS^ .i) 
6^ . Index of agricultural productivity in period (t-1) 
65. Index of crop production per acre (CP/A^ ) 
66. Index of crop production per acre in period (t-1) 
(CP/Vi) 
67. Livestock production per breeding unit (LP/U^ ) 
68. Livestock production per breeding unit in period 
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(t-1) (LP/U^ _^ ) 
69. Man hours of labor used on farms in period (t-1) 
70. Nonfarm unemployment rate (UR^ ) 
71. Nonfarm unemployment rate in period (t-1) (UR^ -l) 
72. Average Federal Land Bank interest rate on new 
loans (LBR|.) 
73. Interest rate on prime commercial paper (^  - 6 
months) (PCPR^ ) 
7 k ,  Gross private domestic investment (GPDI^ ) 
75. Gross private domestic investment in period (t-1) 
(GPDIt_i) 
76. Nonfarm production worker weekly payroll index 
(NFPWP^ ) 
77. Nonfarm production worker weekly payroll index in 
period (t-1) (NFPWP^ .i) 
78. Cropland harvested (CH^ ) 
79. Cropland harvested in period (t-1) (CH^ _j^ ) 
80. Total assets of farmers in period (t-1) (Ta^ ) 
81. Physical assets of farmers (Pa^ ) 
82. Physical assets of farmers in period (t-1) (Pa^ .^ ) 
83. Financial assets of farmers (Pa^ ) 
84. Financial assets of farmers in period (t-1) (Fa^ .^ )^ 
85. Total assets of farmers less the value of machinery 
and motor vehicles 
86. Total assets of farmers less the value of machinery 
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and motor vehicles in period (t-1) 
87. Total liabilities of farmers (L^ ) 
88. Total liabilities of farmers in period (t-1) (^ .i) 
89. Proprietor's equity (Et) 
90. Proprietor's equity in period (t-1) 
91. Average acres per farm (APF^ ) 
92. Time (T) 
9^ . Ratio of the index of machine prices paid to the 
index of prices received (MP/PRj.) 
95. Ratio of the index of machine prices paid to the 
index of prices received in period (t-1) (MP/PR^ .i) 
96. Ratio of the index of machine prices paid to the 
index of prices paid for production items (MP/PPp^ ) 
97. Ratio of the index of machine prices paid to the 
index of prices paid for production items in period 
(t-1) (MP/PPp^ .i) 
98. Ratio of farm income to total income U. S, 
99. Ratio of farm income to total income U, S. in 
period (t-1) 
100. Ratio of per capita disposable income for farmers 
to per capita disposable income nonfarm (PDIF/ 
PDINF^ ) 
101. Ratio of per capita disposable income for farmers 
to per capita disposable income nonfarm in period 
(t-1) (PDIF/PDINF^ .i) 
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102. Ratio of the index of prices paid for production 
items to the index of prices paid family living 
items (PPp/PFLj.) 
103. Ratio of the index of prices paid for production 
items to the index of prices paid family living 
items in period (t-1) (PPp/PFL^ _2.) 
10^ . Ratio of the index of the input of mechanical power 
and machinery to the index of total farm inputs 
(IMP/TFI^ ) 
105. Ratio of the index of the input of mechanical power 
and machinery to the index of total farm inputs in 
period (t-1) (IMP/TFI^ ^^ ) 
106. Ratio of the index of prices received for livestock 
to the index of prices received for crops (PRL/PRC^ ) 
107. Ratio of the index of prices received for livestock 
to the index of prices received for crops in period 
(t-1) (PRL/PRCt_i) 
108. Ratio of government payments to total cash receipts 
(GP/CR^ ) 
109. Ratio of government payments to total cash receipts 
in period (t-1) (GP/CR^ _3^ ) 
110. Ratio of the index of prices paid for livestock to 
the index of prices received for livestock 
(PPL/PRL^ ) 
111. Parity ratio (P^ ) 
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112. Parity ratio in period (t-1) (P^ _^ ) 
113. Most recent five year moving average of the parity 
ratio 
114. % of farmers who are tenants 
115. % of farmers who are part owners 
116. % of farmers who are full owners 
117. Interest rate on intermediate loans (81%) 
118. Ratio of the index of machine prices paid to the 
index of the farm labor wage rate (MP/LWR^ .) 
119. Ratio of the index of machine prices paid to the 
index of the farm labor wage rate in period (t-1) 
(MP/LWRt_i) 
The two dummy variables included in the United States investi­
gations are labeled 120 and 121. Their inclusion allows 
identification of a structural shift in the domestic demand 
for farm machinery between pre and post war periods. 
The symbolic representation of some of the variables 
above corresponds to the symbols used to identify variables 
in the investment functions presented in Chapter VI. The 
same symbolic representation of variables is used for both 
national and regional data series. 
Specification of geographical areas 
The empirical investigation proceeds from consideration 
of national relationships to consideration of relationships 
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pertinent to smaller geographical areas. The continuity of 
structural relationships is of prime concern in delineating 
study regions. Regional units must be composed of subareas 
with similar characteristics. The similarities of entities 
within a region must be strong enough to allow the general 
decision-making criteria to be universally applicable within 
the region. Different ethnic groups exhibit various consump­
tion and investment patterns. Although several ethnic groups 
are present in each region, no consideration is given to 
their separate influences on the regional investment pattern. 
There are a number of possible regional identifications. 
The availability of previously tabulated regional data 
narrowed the regional choice set to only three elements. 
They are 1) census regions depicting areas of similar popula­
tion characteristics, 2) simple division of North, South, 
East and West and 3) farm production regions specified by the 
Economic Research Service of the U.S.D.A. Farm production 
regions are used as the regional unit. 
Farm production regions were chosen because various 
divisions and branches of the U.S.D.A. publish information 
data for each production region. When regional data is not 
available, it may be developed from published series of state 
k 
data. Farm production regions represent areas structurally 
S^ee Appendix I for detailed outline of procedure used to 
construct unavailable data series. 
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and institutionally more homogeneous than other regional 
delineations. Farm production regions are constructed along 
state lines. Major emphasis is given to including those 
states with similar climate, agriculture resource complements 
and types of agricultural production in the same group. 
There are ten farm production regions. Their names, 
numbers and the states included in each are listed below. 
Region #1, Northeast - Maine, New Hampshire, Vermont, 
New York, Massachusetts, Rhode Island, 
Conneticut, New Jersey, Pennsylvania, 
Delaware, Maryland. 
Region #2, Lake States - Minnesota, Wisconsin, Michigan. 
Region #3. Corn Belt - Iowa, Illinois, Indiana, Ohio, 
Missouri. 
Region #f. Northern Plains - North Dakota, South Dakota, 
Nebraska, Kansas. 
Region #5. Appalachian - Kentucky, Tennessee, West 
Virginia, North Carolina. 
Region #6, Southeast - South Carolina, Georgia, Alabama, 
Florida. 
Region #7. Delta States - Arkansas, Mississippi, 
Louisiana. 
Region #8. Southern Plains - Oklahoma, Texas. 
Region #9. Mountain - Montana, Idaho, Wyoming, Utah, 
Nevada, Colorado, Arizona, New Mexico, 
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Region #10. Pacific - Oregon, Washington, California. 
The time period for the regional analysis is 19M-6 to 1963. 
The war years are excluded because of the existence of 
governmentally imposed production quotas for farm machinery. 
Immediately following the removal of production quotas in 
1944, machine manufactorers felt extreme demand pressures 
as farmers pressed to replace worn out machinery kept in 
use during the war. It is assumed that farm machinery demand 
did not return to normal until, at the earliest, 19^ 6.^  
Variables for regional analysis 
Many of the variables used in phase I of this study were 
used in the regional analysis, phase II. The following is a 
list of variables included in the regional analysis. The 
eight dependent variables are listed first even though the 
variable numbers do not follow chronologically. The first 
four dependent variables are derived by using a common 
deflator, the consumer price index. The next four are 
obtained by using various input price indexes as deflators. 
All dependent variables cover the calendar year. 
1, New tractor purchases deflated by consumer price 
index 
I^t is not possible to specify "normal conditions of farm 
machinery demand" other than to say such conditions exist 
only in general in periods free from serious economic 
recession or war. 
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2. New truck purchases deflated by consumer price index 
3. New purchases of other machinery deflated by con­
sumer price index 
Total new purchases of farm machinery and trucks 
deflated by consumer price index 
50. New tractor purchases deflated by index of machine 
prices paid 
51. New truck purchases deflated by index of prices paid 
for motor vehicles 
52. New purchases of other machinery deflated by index 
of machine prices paid 
53. Total new purchases of farm machinery and trucks -
summation of 50, 51, 52. 
11. Total cash receipts from farming (CR^ ) 
12. Total cash receipts from farming in period (t-1) 
(CBt-i) 
13. Cash receipts from livestock marketings (CRL^ ) 
1^ . Cash receipts from livestock marketings in period 
(t-1) (CRL^ _3^ ) 
15. Cash receipts from crop marketings (CRC^ ) 
16. Cash receipts from crop marketings in period (t-1) 
(CRCt_i) 
17. Indicator of prices received by farmers (PRj.) 
18. Indicator of prices received by farmers in period 
(t-1) (PRt.i) 
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19. Financial assets of farmers (Fa^ ) 
20. Total liabilities of farmers (L^ ) 
21. Crop production per acre (CP/A^ ) 
22. Crop production per acre in period (t-1) (CP/At_i) 
23. Number of tractors on farms (tS^ ) 
2^ +. Number of tractors on farms in period (t-1) 
25. Number of automobiles on farms (aS^ ) 
26. Number of automobiles on farms in period (t-1) 
(aSt.i) 
27. Indicator of prices paid by farmers for production 
items (PPp^ ) 
28. Indicator of prices paid by farmers for production 
items in period (t-1) (PPp^ ^^ ) 
29. Prices paid by farmers for family living items 
(PFL^ ) 
30. Prices paid by farmers for family living items in 
period (t-1) (PFL^ _2^ ) 
31. Index of prices paid by farmers for machinery items 
(MP^ ) 
32. Index of prices paid by farmers for machinery items 
in period (t-1) (MP. _) 
U—i 
33. Ratio of prices received for livestock to prices 
received for crops (PRL/PRC^ ) 
35. Index of the average value of land and improvements 
per acre (LP^ ) 
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36. Index oiT the average value of land and Improvements 
per acre in period (t-1) 
37.  ^of farmers who are tenants 
38.  ^of farmers who are part owners 
39.  ^of farmers who are full owners 
O^. Average acres per farm (APF^ ) 
•^1. Ratio of the index of prices paid for machinery to 
prices received (MP/PR^ ) 
2^. Ratio of prices paid for production items to prices 
paid for family living items (PPp/PFL^ ) 
3^» Ratio of the index of machine prices paid to prices 
paid for production items (MP/PPp^ ) 
Mf, Ratio of the index of maéhine prices paid to the 
index of the farm labor wage rate (MP/LWR^ ) 
•^6. Gross private domestic investment (GPDI^ ) 
7^« Prime commercial paper interest rate (^  - 6 months) 
(PCPR^ .) 
8^. Short term interest rate (Si^ .) 
9^. Average interest rate on farm mortgage debt held 
by all lenders (LBR^ ) 
5^ . Time (T) 
55. Weighted income variable wCR 
56. Government payment to farmers (GP^ ) 
57. Government payments to farmers in period (t-1) 
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58. % change in total cash receipts (^ DCR^ ) 
59. % change in total cash receipts in period (t-1) 
(2DCRt_i) 
60. Number of tractors per farm (tS/F^ ) 
61. Number of tractors per farm in period (t-1) (tS/F(._2.) 
62. Number of tractors per 1000 acres of land in farms 
63. Number of tractors per 1000 acres of land in farms 
in period (t-1) 
64. Dummy variable for better than average weather (D^ ) 
65. Dummy variable for poorer than average weather (D^ ) 
67. Prices received for crops (PRC^ ) 
68. Prices received for crops in period (t-1) (PRC^ -^j^ ) 
69. Prices received for livestock (PRL^ ) 
70. Prices received for livestock in period (t-1) 
71. Ratio of the index of prices paid for machinery to 
prices received in period (t-1) (MP/PR ) 
t—1 
72. Ratio of prices paid production items to prices paid 
family living items in period (t-1) (PPp/PFL^ .i) 
73. Ratio of the index of machine prices paid to the 
index of the farm labor wage rate in period (t-1) 
(MP/LWR^ _^ ) 
74. Ratio of prices received livestock to prices 
received crops in period (t-1) (PRl/PRC^ ^^ ) 
75. Total liabilities of farmers in period (t-1) 
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The notation "in period (t-1)" refers to a one year lag of 
the variable. Problems of distributed lags are encounted 
when longer lag periods are used (60, 73), 
A weather variable is included in the regional data list. 
Dummy variables are used to depict better than average and 
poorer than average weather years for each region.^  
The same test statistics were used to evaluate the 
results of regional and national investigations. The two-
tailed "t" test was used to test for significance of the 
individual net regression coefficients. An F test was used 
to evaluate the general applicability of the variables to the 
relationship being studied. The .05 level of significance 
was used for both tests. The coefficient of determination, 
2 
R , reflects the success or failure of the included variables 
in explaining variation in the dependent variable. Few 
equations yielding values below .88 are reported in 
Chapter VI. 
The results of regional investigations are presented in 
Part II of Chapter VI. The variables referred to in Chapter 
VI correspond to the lists of variables presented above. 
S^ee Appendix I for derivation of dummy variable used 
to represent weather. 
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CHAPTER VI. EMPIRICAL RESULTS 
The results of the empirical investigations are pre­
sented in two parts. Part I includes a presentation and 
discussion of results obtained using aggregate United States 
models. Results of analyses using annual data for the 
period I9II to 1962 are presented first, followed by results 
obtained using annual data for the period 19^ 6 to 1962, 
Part II includes a presentation and discussion of results 
obtained from the analysis of annual regional data for the 
period 19^ 6 to 1963. 
Part lA - U. S. Models 1911-1962 
The relationships included in investment functions for 
five classes of farm machinery were investigated using 
annual national data. The five machinery classes are 1. all 
machinery and motor vehicle items, 2, farm tractors, 
3, farm motor trucks, 4-. farm automobiles and 5» other 
farm machinery items. Constant dollar purchases based on 
the period 19^ 7 to 19^ 9» were used as the unit of measure. 
All farm machinery and motor vehicles 
The variable, purchases of all farm machinery and motor 
vehicles, allow consideration of the relationships affecting 
gross investment in farm machinery. The causes and 
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implications of changes in gross farm machinery demand should 
be understood before attempting to analyse the demand for 
specific types of machines. The determinants of investment 
in specific machine categories can be isolated once the 
directional influences of variables and relationships in the 
total machinery and motor vehicle investment function are 
understood. 
Many variables and combinations of variables may be used 
to explain annual fluctuation in purchases of farm machinery. 
The results presented in Table 6.1 define total investment 
in farm machinery and motor vehicle items as a function of 
cash receipts, prices and price ratios and variables 
reflecting structural changes in agriculture. 
Equation 1 of Table 6.1 includes eight variables which 
account for about 90 percent of the annual variation in the 
purchase of new farm machinery and motor vehicle items. 
Lagged cash receipts, prices paid for all commodities and 
services and land prices are included in Equation 1 as 
separate variables. The ratios of machine price to prices 
received for farm produce (MP/PR), machine price to the 
price of other production items (MP/PPp), prices received for 
livestock and livestock products to prices received for crops 
(PRL/PRC) and machine prices to the farm labor wage rate 
(MP/LWR) are also included in Equation 1. The net regression 
coefficients of all variables, except land prices, are 
Table 6.1. Investment functions for total domestic investment in new 
farm machines and motor vechicles (Tit) estimated by least 
squares with annual data, 1911 - 62; coefficients, stand­
ard errors, (in parenthesis) and related statistics are 
included 
Xll Xi2 X25 X26 
Equation CR CR Pp Pp 
US MODEL "d"(= Constant t t-1 t t-1 
1-0 .90 1.42 -58.79 69.20* 
(18.59) 
.10* 
(.02) 
2-0 .90 1.56 -80.11 36.09 
(23.83) 
3-0 .91 1.54 56.38 34.20* 
(15.20) 
4-0 .89 1.28 -47.60 61.78* 
(18.54) 
.10* 
(.02) 
5-0 .93 1.70 57.17 .06* 
(.01) 
6-0 .92 1.86 60.93 12.62 
(36.06) 
7-0 .90 1.42 -58.79 69.06 
(18.59) 
.10* 
(.02) 
8-0 .90 1.49 -66.23 62.24* 
(19.11) 
9-0 .92 1.54 -26.32 10.38 
(16.51) 
.06* 
(.02) 
10-0 .88 1.22 -46.95 69.63* 
(18.63) 
.10* 
(.02) 
11-0 .92 1.81 59.60 36.43* 
(14.39) 
12-0 .92 1.63 16.78 .08 
.14* 
( .02)  
.07* 
( .02)  
(.01) 
^Dependent variable is discussed in the text. 
^Variable numbers correspond to numbered variable list at the end 
of chapter 5. 
'^Durbin Watson statistic. 
*Significant at a = .05 level. 
**Significant a.ta « ,10 level. 
133 
X28 X31 X35 Xçi X94 
PPp MP LP APF MP/PR 
t-1 t t t t 
X97 X102 Xl04 X1O6 %107 
MP/PPp PPp/PFL IMP/TFL PRL/PRC PRL/PRC 
t-1 t t . t t-1 
.07* 
( .02)  
.13* 
( .02)  
6.25** 
(3.55) 
2.46 
(3.58) 
•17.72* 
(4.60) 
•17.30* 
(3.85) 
•13.37* 
(5.72) 
6.25** 
(3.55) 
7.74* 
(3.52) 
-.17* 
(.03) 
-14* 
(.03) 
-.09** 
(.05) 
.06* 
( . 02 )  
•16.09* -.18* 
(4.40) (.03) 
-7.13* 
(3.24) 
•14.54* 
(3.49) 
•13.21* 
(4.24) 
•13.07* 
(3.47) 
-12.35* 
(5.69) 
•14.54* 
(3.49) 
•19.91* 
(3.86) 
•15.87* 
(2 .86)  
•13.11* 
(3.57) 
15.59* 
(2.40) 
13.78* 
(5.39) 
11.51* 
(5.14) 
11.17* 
(5.30) 
40.74* 
(13.66) 
31.17* 
(8.15) 
30.01* 
(7.27) 
12.75* 
(4.84) 
13.78* 
(5.39) 
22.82* 
(5.40) 
14.31* 
(5.20) 
29.03* 
(6.92) 
24.59* 
(8.13) 
10.85* 
(4.83) 
10.27* 
(3.02) 
10.65 
(4.11) 
12.75* 
(4.84) 
12.44* 
4.82 
8.38* 
(3.93) 
16.07* 
(4.13) 
8.35* 
(3.31) 
12.32* 
(3.90) 
10.34* 
(4.84) 
11.50* 
(4.61) 
9.55** 
(4.94) 
9.81* 
(4.5) 
10.34 
(4.84) 
9.11** 
(4.80) 
9.06* 
(4.20) 
10.44* 
(4.11) 
13% 
Table 6.1. continued 
*114 *118 
EQUATION TEN MP/LWR 
US MODEL t t 
1-0 (18.76)* 
4.91 
2-0 16.13* 
(6.31) 
3-0 -1.31* 
(.35) 
4-0 16.64* 
(4.88) 
5-0 1.56* 
(.27) 
6-0 -1.59* 18.06* 
(.37) (5.97) 
7-0 18.76* 
(4.91) 
8-0 21.28* 
5.04 
9-0 17.39* 
(4.09) 
10-0 16.87* 
(5.02) 
11-0 -1.42* 
(.33) 
12-0 -.99 20.98* 
(.16) (4.17) 
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significantly different than zero at the a = ,05 level. The 
regression coefficient for the land price variable is signifi­
cantly different than zero at the ,10 probability level. 
Lagged cash receipts generally reflect the prosperity 
of the firm. Theory suggests, that if farm incomes increase 
from one year to the next, farmers may formulate favorable 
expectations of their future well being. If farmers consider 
increases in cash receipts as indicative of favorable future 
conditions in agriculture, investment in farm machinery and 
motor vehicles may expand as farm incomes increase. 
Higher prices for commodities and services used by 
farmers, theoretically, suggest fewer purchases of farm 
machinery and motor vehicles. However, higher prices for 
goods and services used by farmers are related positively to 
total machinery and motor vehicle purchases in the equations 
of Table 6,1, Farm machinery purchases may not fall as the 
index of prices paid by farmers for all goods and services 
increase if increases in capacity and efficiency of the 
available input bundle, represented by higher prices, are of 
sufficient magnitude. 
The positive sign of the ratio PRL/PRC in Table 6,1 
suggests that livestock prices reflect the price structure 
facing farmers more accurately than crop prices. Crop prices 
are influenced by numerous exogenous influences such as 
governmental farm programs and the international trade 
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situation. Livestock prices are less influenced by exogenous 
forces. As farmers observe both current and lagged values of 
PRL/PRC to increase, perhaps, they conclude that a favorable 
situation exists for expanding their stock of capital assets. 
It should be remembered that the heaviest farm machinery 
concentration is in areas where the majority of the crops is 
marketed through livestock, and a large proportion of total 
cash receipts is from livestock sales. 
Cross-price elasticities of demand are useful for 
defining complementary and substitute inputs. A negative 
cross-price elasticity defines inputs or goods as complements. 
An increase in the price of the first input is associated 
with similar directional changes in quantities used of both 
the first and second inputs. Positive cross-price elastici­
ties define substitute inputs. An increase in the price of 
the first input causes the second input to be substituted 
for the first input. 
The cross-price elasticity of the demand for farm 
machinery with respect to land prices is -.70 according to 
Equation 3 of Table 6.1.^  Land and machinery are complemen­
tary inputs according to the sign of the cross-price 
h^e elasticity is computgd at the means according to 
the formula - p p/Qj where p is the estimated net regres­
sion coefficient, P is the mean price and "5 is the mean 
quantity over the period studied. 
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elasticity. A one percent increase in land prices is 
associated with a .70 percent decrease in total farm machinery 
purchases. Equations 5, 6, 11 and 12 of Table 6.1 support 
the hypothesis that land and machinery are complementary 
inputs. 
If land is purchased even though land prices are 
increasing, farmers may be forced to extend the use of the 
existing stock of machinery a few years because of the large 
drain on financial assets. Renting additional acres may not 
cause so large a drain of farmers' financial assets. Equa­
tions 1, 2 and 7 of Table 6.1 suggest that machinery and land 
are substitute agricultural inputs. Land prices in the first 
two equations of Table 6.1 reflect not only the influence of 
the level of land prices but also the influences of changing 
tenure conditions and average farm size. Tenure conditions 
and average farm size are not specifically included in 
Equations 1 and 2. When tenure conditions and farm size are 
specified independently of land prices, the variable reflec­
ting land prices enters the total farm machinery investment 
function with a negative sign. 
Farm machinery and motor vehicle purchases decrease as 
machine prices increase relative to prices received for 
agricultural products according to Equation 2. Lower machin­
ery purchases are associated with higher machine prices 
relative to product prices in the short run when all other 
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influences are assumed constant. Both machinery purchases 
and the ratio MP/PR have increased over the long run. If 
current MP/PR is larger than the one year lagged value of 
MP/PR, farmers may be experiencing rapidly increasing machine 
prices, depressed product prices or both. Investment in new 
farm machinery items will not take place until prices are 
readjusted by the market and the production processes of the 
firm are reorganized to comply with the new price structure. 
The variable MP/PR^  is a significant influence on total U, S, 
machinery and motor vehicle purchases according to Equations 
4, 6, 7, 8, 9 and 10 of Table 6.1. 
Purchasers of farm machinery and motor vehicles appear to 
demonstrate a "Veblen effect" in that they increase machinery 
purchases as machine prices increase relative to the price of 
labor or other production inputs. Machinery items must 
remain homogeneous over time for the "Veblen effect" to be 
operative. The hypothesized "Veblen effect" is not operative 
in the farm machinery market because of the continually 
changing quality of the machine unit. 
The ratio PPp/PFL is included in Equations 2, 3, 5 and 
11 of Table 6,1, A positive relationship between the ratio 
PPp/PFL is possible only if farmers are consuming more than 
subsistence amounts of family living items or if their budget 
restraint is relaxed or both. With excess consumption of 
family living items, increases in prices of production inputs 
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relative to prices of consumer goods may allow machinery 
purchases to continue at the expense of consumption of family 
living items. The reduction in consumption of family living 
items occurs only to a limit set by the individual's prefer­
ence function and the anticipated permanency of relative 
price changes. If consumption of family living items is at 
the subsistence level, no reduction in utilization of con­
sumer goods is possible and farm machinery purchases must 
decrease, given a fixed budget restraint. 
Farmers contemplating new machinery purchases do not 
explicitly consider the percentage of total operators who are 
tenant operators. But, the national tendency of farmers to 
secure new capital stocks in the form of farm machinery and 
motor vehicles is influenced by the trend of tenure condi­
tions. A one percent increase in the proportion of all farm 
operators who are tenants is associated with a 2.7 percent 
decrease in total machinery purchases according to Equation 3 
of Table 6.1. Equations 5> 6, 11 and 12 of Table 6.1 
generally support the hypothesized negative influence of 
increases in the proportion of all operators who are tenants 
on total machinery purchases since the regression coeffi­
cients of the tenure variable in these equations are approxi­
mately the same as in Equation 3» Tenants are often less 
desirable credit risks than owner operators because tenants 
usually possess fewer financial and physical assets than 
l4o 
owner operators or part-owner operators. There is much 
uncertainty connected with tenancy and relatively low levels 
of managerial ability are associated with tenancy. Increases 
in the proportion of all operators who are tenants are 
associated with a larger proportion of all farm operators 
having fewer financial and physical assets, fewer managerial 
skills and less practical farming experience if the comments 
relating to characteristics of tenancy are accurate. A group 
exhibiting these characteristics does not present a favorable 
picture of credit suppliers. 
Model A for total investment in farm machinery and motor 
vehicles given by Equation 3 of Table 6.1 is, 
(Model A) TIt=Po+PlCBt-l-P2MPt-P3%Pt"94APFt+P$fPP/PFL-P6TE«t• 
Approximately 91 percent of the annual variation in total 
farm machinery purchases is explained by the six variables 
included in Model A. All variables specified in the total 
farm machinery investment function above are significant at 
the a = «05 level. 
A one percent increase in total cash receipts from farm 
marketings is associated with only a .3^  percent increase in 
total farm machinery and motor vehicle purchases for the 
period 1911 to 1962. Although machinery purchases are sig­
nificantly influenced by farm income, as shown in Table 6.1, 
the income elasticity of the demand for all farm machinery 
1^1 
and motor vehicles for the period 1911 to 1962 is low. The 
low income elasticity of demand for farm machinery, derived 
from Model A, implies that total farm machinery and motor, 
vehicle purchases account for only a small portion of total 
cash receipts from farm marketings. The U.S.D.A. has esti­
mated that machinery purchases account for only about 6 
percent of total cash receipts from farm marketings and 
government payments in recent years (102). 
The price elasticity of demand for all farm machinery 
items is .85 which means that a one percent change in 
machinery prices is associated with a ,85 percent change in 
purchases of all farm machinery items. Total farm machinery 
demand is inelastic with respect to price for the period I911 
to 1962. 
Equation 5 of Table 6.1 defines investment in farm 
machinery and motor vehicles as a function of prices paid for 
all goods and services, land prices, average farm size, 
PPp/PFL, PBL/PRC and change in tenure structure. These 
variables yield the largest coefficient of determination of 
combinations of variables presented in Table 6.1. All 
explanatory variables in Equation 5 are significant at the 
o = .05 level. 
All equations presented in Table 6.1 except Equation 5 
include either cirent or lagged cash receipts as an explana­
tory variable. The standard error of the regression 
Ih2 
coefficients for current period cash receipts in Equations 
6 and 9 are larger than the regression coefficients themselves. 
Evidently, the ability to repay the purchase price of machin­
ery items has been based more heavily on lagged than current 
levels of cash receipts. 
Farm tractors 
Statistically derived investment functions for farm 
tractors are presented in Table 6,2, Many of the variables 
found significant in explaining total investment in farm 
machinery are also important in explaining investment in new 
farm tractors. 
Model B for total U, S, investment in new farm tractors 
is derived from Equation 8 of Table 6,2, 
(Model B) 
^^ PRL/PRC^ .+§yPRL/PRC^ _2+^ gMP/LWat 
All variables in Model B are statistically significant at the 
a = .05 level. 
It was suggested in the discussion relating to total 
farm machinery purchases that improved farm income levels 
caused farmers to formulate more favorable expectations of 
their ability to repay the purchase price of new machines. 
Cash receipts enter Model B with a positive sign supporting 
Table 6.2. Investment functions for domestic investment in farm trac­
tors (It ) estimated by least squares with annual data, 
1911-62; coefficients standard errors (in parenthesis) and 
related statistics are included ^ ^ 
Equation and Xll Xl2 Xl7 X25 
transformation 0 CR CR PRC Pp 
US MODEL "d" Constant t t-1 t t 
IrO .91 1.37 -9.74 16.56* 
(4.19) 
.02* 
(.003) 
2-L .94 1.75 -10.49 .68 
(.61) 
3-L .92 1.01 -1.83 2.57* 
(.28) 
.93* 
(.19) 
4-0 .92 1.91 13.09 11.68* 
(3.41) 
5-0 .88 1.20 -14.47 19.69* 
(4.51) 
.02* 
(.004) 
6-0 .89 1.58 -16.50 21.11* 
(4.30) 
7-0 .90 1.30 -7.70 15.44* 
(4.22) 
.02* 
(.004) 
8-0 .92 1.86 -11.53 14.34* 
(4.12) 
9-0 .94 1.83 12.39 1.38 
(3.01) 
.02* 
(.003) 
10-0 .92 1.71 1.80 29.68* 
(4.43) 
-.04* 
(.007) 
11-0 .92 1.62 13.95 .02* 
(.003) 
12-0 .93 2.08 13.38 10.52* 
(3.38) 
13-0 .93 2.13 13.77 12.15* 
(3.25) 
14-0 .94 1.81 12.74 .02* 
(.002) 
"Dependent variable is explained in the text. 
^Variable numbers correspond to numbered variable list at the end 
of chapter 5. 
^Equations denoted -0 • original data, those -L » logarithmic 
transformation. 
^Durbin Watson "d" statistic. 
^Significant at a • .05 level*, ** Significant at or - .10 level. 
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''26 
?? 
t-1 
-'27 
??? 
t 
*23 
Pl>? 
t-1 
X3I 
M? 
t 
X35 3^6 
L? 
t-1 
X 51 
tS 
t-1 
aF 
t-1 
*66 
CP/A 
t-1 
-2.64* 
(.80) 
1.02* -.55 
(.37) (.59) 
.01* -7.44* 
(.004) (1.03) 
.02* 
(.005) 
-.33** .89* 
(.10) (.16) 
-3.01* 
(.78) 
.03* -2.32* 
(.004) (.76) 
-7.48* 
(.87) 
.07* -3.48* 
(.007) (.62) 
-8.14* 
(.93) 
.01* -7.09* 
(.003) (1.00) 
.01* -7.10* 
(.003) (.99) 
-7.61* 
(.81) 
1^5 
Table 6.2. (Continued) 
Equation and Xgi X92 X04 Xq^ X97 Xi02 X^gg 
transformation*^ APF T MP/PX MP/PR Mp/ppp PPp/PPFL PRL/PRC 
US MODELS t t t-1 t t . t 
1-0 -3.09* 2.03 2.75* 
(.79) (1.21) (1.09) 
2-L .91* -2.00* 2.28* -2.05 
(.09) (.46) (.73) (1.65) 
3-L .93* 
(.36) 
4-0 -.04* 6.97* 
(.007) (1.83) 
5-0 -3.71* 3.13* 3.55* 
(.84) (1.29) (1.18) 
6-0 -5.29* 4.34* 3.43* 
(.98) (1.27) (1.16) 
7-0 -2.17* 2.15* 
(1.05) (1.05) 
8-0 -4.40* 4.06* 2.70* 
(.83) (1.16) (1.04) 
9-0 -.03* 8.32* 1.79* 
(.006) (1.75) (.68) 
10-0 -.04 
(.006) 
11-0 -.03* 9.03* 
(.01) (1.75) 
12-0 .04* 6.65* 1.42** 
(.006) (1.83) (.76) 
13-0 -. 04* 5.57* 1.77* 
(.007) (1.84) (.75) 
14-0 -.03* 8.67* 1.73* 
(.006) (1.56) (.66) 
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Table 6.2. (Continued) 
Equation 2nd X-_o7 Xng Xll2 -^llA ^113 
transformation PRL/PRC PPL/I-RL P ten MP/LWR 
US MODEL t-1 t t-1 t 
1-0  
2-L 
3-L 
4-0 
5-0 
6-0 
7-0 
8 - 0  
9-0 
10-0 
11-0 
12-0 
13-0 
14-0 
2.31* 
(1.09) 
2.64* 
(1.20) 
2.81* 
(1.19) 
2.80* 
(1.07) 
2.09* 
(1.03) 
1.22* 
(.55) 
4.56* 
(1.40) 
-.27* 
(.09) 
-.32* 
( .06) 
-.33* 
(.07) 
-.29* 
COS) 
-.29* 
COS) 
-.33* 
( .06)  
4.00* 
(1.11) 
1.9Ù* 
(.55) 
1.50* 
(.32) 
4.89* 
(1.19) 
6.58* 
(1.31) 
3.57* 
(1.10) 
4.68* 
(1.09) 
14? 
the hypothesis that higher cash receipts may stimulate 
tractor purchases, A one percent increase in lagged cash 
receipts is associated with about a percent increase in 
total U, S. purchases of new farm tractors for the period 1911 
to 1962, A one percent increase in cash receipts resulted in 
only a ,3^  percent increase in total U. S. machinery pur­
chases, The demand for new tractors is slightly more income 
elastic than total machinery demand according to the results 
presented in Equation 8 of Table 6.2, 
The income elasticities presented here are computed at 
the means of the variables over the period from I9II to 1962. 
Footnote 1 of this chapter explains the general procedure 
used for computing elasticities. Rather than compute all 
elasticities at the mean, the 1962 values could have been 
used. However, the 1962 values of the relevant variables 
may have a large standard deviation. A large standard 
deviation for either variable would result in subjectively 
derived elasticities. 
The variable, prices paid by farmers for all production 
items, enters Model B with a positive sign. The positive 
sign on prices paid for production items suggests that 
farmers buy more farm tractors as production input prices 
increases. The capacity and efficiency arguments presented 
earlier may explain the positive sign of the prices paid for 
production inputs variable. 
Ik8 
Land and farm tractors are complementary inputs according 
to the negative sign of the cross-price elasticity of demand 
for farm tractors with respect to land prices derived from 
Equation 8 of Table 6,2. Land and total farm machinery 
inputs were shown to be complementary by Equation 3 of Table 
6.1. The results of regional analyses presented in Part II 
of this chapter point out some interesting regional differ­
ences in the cross-price elasticity of demand for tractors 
with respect to land prices. 
The logic relating to the influences of the ratio MP/PR 
presented in the discussion of total farm machinery purchases 
applies equally well to purchases of new farm tractors. 
Equation 8 of Table 6.2, Model B, suggests that tractor 
purchases decrease as machine prices increase relative to 
prices received for farm products. 
If tractor purchases increase even as tractor prices and 
the prices of implements complementing tractor power increase 
relative to the prices of other production inputs as shown by 
Equation 8 of Table 6.2, tractors must be a basic factor of 
production. If tractors were not an important production 
input tractor purchases should decrease as tractor prices 
increase relative to prices of other production inputs. 
As shown in Chapter 1, both machinery prices and farm 
labor wage rates have increased during the period 1911 to 
1962. If machine prices are assumed to accurately reflect 
tractor prices, then the marginal rate of factor substitution 
between tractors and labor is heavily in favor of tractors if 
tractor purchases increase even as tractor prices increase 
2 
relative to farm labor costs. The ratio MP/LWR enters Model 
B with a positive sign. 
Lagged stocks of tractors and automobiles on farms are 
included in Equation 3 of Table 6.2, Large tractor stocks in 
the past year relative to the previous two or three years 
suggest tractor purchases were high in the recent past. The 
lagged tractor stocks variable is related negatively to cur­
rent tractor purchases in Equation 3. Existing farm power 
capacity may be adequate to meet current demands. The drain 
on financial assets caused by large purchases of tractors 
during the previous period may impose a restriction on the 
number of new tractors purchased in the current period. 
Larger lagged stocks of autos on farms are associated 
with increased tractor purchases in Equation 3. New autos 
are not a farm production input and as such are not expected 
to yield a quantifiable marginal return on their purchase 
price. New automobiles are generally considered as luxury 
items. Larger lagged stocks of autos on farms may reflect 
g 
Since farm tractors account for more than lA of 
farmers' expenditures on new machinery items, tractor price 
levels heavily influence the index of prices paid by 
farmers for new farm machinery items. 
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a generally favorable income position for the farm population. 
An inconsistency appears here, however. If purchases of 
autos were relatively high during the last period as compared 
with earlier periods, it seems that the financial assets of 
farmers should be significantly reduced as a result of the 
increased auto purchases. It could be argued, however, that 
farmers do not purchase new automobiles unless their stocks 
of financial assets are adequate to insure continued acquisi­
tion of more efficient production inputs. The latter being 
the case, increases in auto purchases may be associated with 
higher tractor purchases. 
Equations k, 10 and 11 of Table 6.2 provide a means of 
comparing the usefulness of certain price and income vari­
ables in tractor investment functions. Lagged cash receipts, 
current machine prices, current land prices, average farm 
size, the ratios PPp/PHi, PBL/PRC and a tenure variable are 
included in Equation 11 of Table 6.2. The size suid signifi­
cances of the regression coefficients in Equation 10 are 
similar to those in Equation 11 except for the coefficient 
for lagged cash receipts which is almost twice as large in 
Equation 10 as it is in Equation 11. The regression coeffi­
cient for lagged cash receipts is larger and with a smaller 
standard error when current land prices are used as opposed 
to lagged land values as in Equation 10. The ratio PRL/PRC 
was eliminated from Equation 11 without affecting the results 
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as shown in Equation 4-, 
Farm trucks 
Approximately 93 percent of the variation in new farm 
motor truck purchases can be explained by three variables; 
lagged cash receipts, lagged prices paid for all goods and 
services and time; see Equation 1 of Table 6,3. An equally 
high proportion of total variation in farm truck purchases is 
explained by using current income and current prices paid for 
all goods and services as in Equation 2 of Table 6.3. It is 
interesting to observe that the regression coefficient for 
current cash receipts in Equation 2 is slightly smaller than 
that for lagged cash receipts in Equation 1. The coefficient 
for current prices paid in Equation 2 is higher and with a 
lower standard error than the coefficient for lagged prices 
paid for all goods and services in Equation 1. These results 
suggest that when no explicit indication of current price 
conditions is available, investors' expectations are based 
more heavily on lagged income than lagged prices. 
Equations 1 and 2 of Table 6,3 are subject to the same 
criticism as many of the equations presented for total 
machinery investment and investment in farm tractors in that 
they included only aggregative variables. Net regression 
coefficients show the influence of the specified variable 
and all other variables correlated with the included variable 
Table 6.3. Investment functions for domestic investment in farm trucks 
(Ifc) estimated by least squares with annual data, 1911-62; 
coefficients, standard errors (in parenthesis) and related 
statistics ® ^ 
Equation and Xll Xi2 X25 X26 
transformation 0 A CR CR Pp Pp 
US MODEL "d" Constant t t-1 t t-1 
1-L .93 -1.98 .45* .50* 
(.19) (.23) 
2-L .93 -2.05 .44* .53* 
(.16) (.16) 
3-L .91 .91 -4.73 
4-L .92 -.78 .73* 
(.14) 
5-0 .91 1.10 .52 26.28* .01* 
(5.47) (.002) 
6-0 .90 .66 15.36 6.28* 
(2.88) 
7-0 .89 
CM 00 
-10.52 14.01* .02* 
(3.11) (.003) 
8-0 .91 .87 16.11 .007* 
(.113) 
9-0 .89 .65 18.42 .01* 
(.003) 
10-0 .89 .80 -6.18 7.31* .01* 
(3.58) (.005) 
11-0 .93 1.04 14.19 16.90* 
(4.67) 
12-0 .91 1.10 -.14 24.87* .01* 
(5.03) (.002) 
13-L .94 1.11 -2.16 1.74* .45* 
(.42) (.20) 
^Dependent variable is explained in the text. 
^Variable numbers correspond to numbered- variable list at the end 
of chapter 5. 
^Equation denoted -0 - original data those denoted -L are a loga­
rithmic transformation of original data. 
^Durbin-Watson "d" statistic. 
*Signifleant at the * * .05 level. 
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*28 *31 *35 
PPp MP LP 
t-1 t t 
*41 *55 *91 
LWR aS APF 
t t-1 t 
*92 *94 *95 
T MP/PR MP/PR 
t t-1 
1.33* -2.05* .64* 
(.32) (.22) (.20) 
-.80 -.02* 
(.65) (.006) 
.007* -4.82* -.02* 
(.003) (.87) (.006) 
-4.83* -.02* 
(.76) (.006) 
-5.42* -.02* 
(.76) (.006) 
-.01* -2.96* -.03* 
(.006) (.95) (.006) 
.97* 
(.07) 
.96* 
(.07) 
1.05* 
(.07) 
-2.68* 
(.71) 
-1.78* 
(.57) 
.0001* -.02* -.90 
.000 (.006) (.60) 
.56* -.29 -.58 
(.05) (.58) (.42) 
15V 
Table 6.3. (Continued) 
Equation and X97 X1Q2 Xigs X1Q4 XIQ6 X107 XllO 
transformation MP/PPp PPp/PRL PPp/PFL IMP/TFI PRL/PRC PRL/PRC PPL/PRL 
US MODEL t-1 t t-1 t t t-1 
1-L 
2-L 
3-L 
4-L 
5-0 -9.11* 1.67* 2.58* 
(2.76) (.79) (.97) 
6-0 -.02 
(1.54) 
7-0 3.20* 2.22* .69 
(.92) (.84) (.86) 
8-0 .05 1.77* 
(1.44) (.60) 
9-0 
10-0 3.54* 1.78* .62 
(1.53) (.78) (.86) 
11-0 -4.93* 5.47* 1.27* 
(1.90) (1.83) (.61) 
12-0 -9.02* 3.72* 
(2.80) (.87) 
13-L -3.55* 1.26* 
(1.14) (.43) 
Table 6.3. (Continued) 
Equation and X114 ^118 
transformation^ TEN MP/LWR 
US MODEL t t 
1-L 
2-L 
3-L 
4-L 
5-0 2.65* 
(.81) 
6-0 -.24* 
(.07) 
7-0 3.53* 
(.95) 
8-0 -.29* 
(.05) 
9-0 -.29* 
(.05) 
10-0 2.84* 
(.95) 
11-0 -.18* 1.00 
(.07) (.63) 
12-0 3.69* 
(1.02) 
13-L 1.36* 
(.55) 
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but not specifically included in the equation. Lagged and 
current C. R. and lagged and current Pp reflect the influence 
of a large number of variables and relationships which affect 
new farm truck purchases but are not included in the equation. 
Equations such as the first two of Table 6.3 require intui­
tive explanations of many of the most important relationships 
which should perhaps be included in the investment function. 
Interpretations of the directional influence and significance 
of variables based only on intuition are not sufficient for 
the entrepreneur faced with an investment decision. 
The income elasticity of the demand for farm motor trucks 
can be read directly from the regression coefficients of 
income in Equations 1 and 2 of Table 6.3 since the equations 
were rim on a logarithmic transformation of original data. A 
one percent increase in farm income is associated with only 
a .^ 5 percent increase in farm motor truck purchases for the 
period 19II to 1962 according to Equation 1. It will be 
recalled that the income elasticity of demand for all farm 
machinery and motor vehicles was .3^  and was .8^ - for farm 
tractors. Larger increases in income are necessary to 
generate a one percent increase in purchases of trucks than 
to generate a one percent increase in tractor purchases. 
The fact that the income elasticity of the demand fof» farm 
trucks is lower than that for tractors suggest that trucks 
may not be as essential in agricultural production as 
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tractors. 
In areas where cereal grain production is the primary 
production activity, farm trucks are purchased as a produc­
tion input. Trucks allow improved efficiency in crop 
harvesting and transportation to principle terminals. Farm 
trucks are purchased to reduce costs of marketing both crop 
and livestock products in diversified farming areas. Some 
regional differences in the relative importance of trucks and 
tractors as production inputs are discussed in Part II of 
this chapter. 
Time and current income or cash receipts explain almost 
92 percent of the annual variation in farm truck purchases 
according to Equation 4 of Table 6.3. Time serves as a catch­
all term. The time variable portrays the influences of the 
time trend of all variables not specified in the equation. 
Little detailed information is obtained from Equation 4. But, 
it is interesting to note the relatively high"coefficient of 
determination obtained using only two variables. 
Model C, derived from Equation I3 of Table 6,3 includes 
more variables and relationships than Equations 1 through h 
of Table 6.3. The explanatory power of Model C is only 
slightly more than that of equations including only 2, 3 or h 
independent variables. But, the inclusion of more explana­
tory variables adds objectivity to. interpretations of the 
influences of factors affecting the demand for new farm trucks. 
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(Model C) Ift=Po+PlCat+P2fPt+P3a8t_i-P4APFt-P5KP/PBt-l" 
P^ PPp/PFLt.i+PyPPL/PaLt+PgMP/LMRt 
A one percent increase in average farm size is associ­
ated with a .29 percent decrease in truck purchases for the 
period I9II to 1962, The negative relationship between 
truck purchases and average farm size may mean that it is 
the smaller less efficient farmers who purchase the largest 
proportion of new trucks. Farmers who, for one reason or 
another have been adversely affected by price conditions, 
may desire some means of supplementing their incomes. Com­
mercial trucking has often provided a means of supplementing 
farm incomes during slack labor periods. When smaller less 
efficient farmers are forced out of agriculture, the trucks 
they had been using to earn supplemental incomes go with 
them. Too, as the remaining farmers absorb vacated lands 
the need for other types of production inputs may increase 
relative to the need for new farm trucks. Both the out-
migration of farmers and the pressures placed on existing 
capacity of essential production inputs are implied by the 
average farm size variable and are associated with lower 
truck purchases. 
A more objective statement concerning who actually 
purchases new farm trucks and for what purposes would be 
possible if the data reflected truck purchases by farmers 
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grouped according to income levels. Additional studies based 
on primary data obtained from appropriately drawn samples of 
farmers are needed to determine precisely who purchases new 
farm trucks and why. 
Automobile purchases by farmers 
It was initially hypothesized that purchases of new 
automobiles by farmers could be explained by the same vari­
ables used to explain the demand for tractors, trucks and all 
farm machinery items. Two equations illustrating the type of 
results obtained from attempts to explain farmers' purchases 
of new autos are included in Table 6.4. The highest coeffi­
cient of determination obtained from several combinations of 
2 
explanatory variables was .63. R values above .60 were 
obtained only when a large number of highly correlated price 
variables were included in the same equation. Irregularities 
in the observed signs of the included relationships may occur 
when highly interrelated explanatory variables are included 
in the equation. 
The demand for automobiles, perhaps, should be investi­
gated using such variables as real disposable income per 
capita, auto stock per capita, real expected income per 
capita, prices of autos and certain lagged values of these 
series, as suggested by Chow (18). Detailed consideration 
was not given to annual investment in farm automobiles. 
Table 6.4. Investment functions for domestic investment in farm autos 
(Itt) estimated by least squares with annual data, 1911-62; 
coefficients, standard errors (in parenthesis) and related 
statistics ® ^ 
Xi2 Xl7 Xi9 *20 *28 X29 
Equation 2 CR PRC PRL PRL PPp IPFL 
US MODEL R Constant t-1 t t t-1 t-1 t-1 
1-0 .63 -23.68 -.01 .04* .003 .08* 
(.02) (.02) (.02) (.03) 
2-0 .62 -23.37 -10.17 .06* -.07* .12* 
(14.43 (.02) (.04) (.04) 
^Dependent variable is explained in the text. 
^Variable numbers correspond to numbered variable list at the end 
of chapter 3. 
^Significant at the ty - .05 level. 
^^Significant at the a - .10 level. 
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*35 *41 *92 
LP LWR T 
t t 
19.99* -.06* .40* 
(5.82) (.02) (.13) 
21.75* -.06* .47* 
(6.26) (.02) (.13) 
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Other farm machinery 
The category of "other farm machinery" includes such 
items as corn pickers, grain combines, field forage harves-
tors, pickup hay balers, plows, planters, hammermills and 
harrows, A single variable attempting to reflect purchases 
of so many diverse machinery types is of questionable value 
at the outset. However, in the absence of other data series 
representing purchases of each type of machine, the aggre­
gated variable is used. The "other farm machinery" variable 
provides a basis for investigating total investment in 
nonpower machinery items. Completely objective statements 
concerning the relevant relationships governing trends in 
purchases of any particular type of implement are not possible. 
Each machine type is considered as being composed of strictly 
homogeneous elements. No consideration is given to quality 
differences. 
The complexity of the "other" machinery variable makes 
it difficult to explain large amounts of the annual variation 
in purchases, A particular equation may explain much of the 
variation in purchases of plows but, it may be of little 
value in explaining combine or corn picker purchases. An 
equation may or may not yield satisfactory results depending 
on the relative importance of, say, combines and plows in 
the "other" machinery category. 
Many of the implements included in the "other" machinery 
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classification are complementary with farm tractors. Large 
capacity implements are necessary to take advantage of the 
diversified set of economies of large scale operation made 
possible by a larger and more efficient power supply. All 
but one of the equations used to represent investment in 
"other" machinery were also used to explain farm tractor 
purchases. 
Model D representing investment in "other farm machinery" 
is obtained from Equation 1 of Table 6.5. 
(Model D) Iomt=go+giCRt_i+g2PPtfB3LPt-&4MP/PRt+p2MP/PPPt_i+ 
The variables included in Model D explain approximately 88 
percent of the variation in "other" machinery purchases. All 
variables in Model D except PRL/PRC^ _2 are significant at the 
a = .05 level. The variable PBl/PRCt_i is significant at the 
a = .10 level. 
The income elasticity of the demand for "other" machinery 
computed at the means of the variables over the period 1911 
to 1962 is 1.2. The demand for "other" machinery is said to 
be income elastic in that a one percent increase in incomes 
is associated with a 1.2 percent increase in "other" machinery 
purchases. 
The cross-price elasticity of demand for "other" 
machinery relative to the price of land is +.65. According 
Table 6.5. Investment functions for domestic Investment In other farm 
machinery (lomt) estimated by least squares with annual 
data, 1911-62; coefficients, standard errors (in parenthe­
sis) and related statistics ® & 
Xll *12 *17 *25 *26 
Equation 2 
"d"C 
CR CR PRC Pp Pp 
US MODEL Constant t t-1 t t t-1 
1-0 .88 1.28 -21.66 39.89* 
(7.79) 
.0-1* 
(.007) 
2-0 .85 1.41 -17.88 33.63* 
(6.64) 
.02* 
(.008) 
3-0 .89 1.48 21.77 18.00* 
(6.37) 
.00002 
(.007) 
4-0 .91 31.38 19.72* 
(6.08) 
-.008 
(.008) 
5-0 .91 1.86 24.70 17.87* 
(6.08) 
-.0006 
(.006) 
6-0 .87 1.58 -2.94 65.67* 
(9.16) 
-.07* 
(.01) 
^Dependent variable is explained in the text. 
^Variable numbers correspond to numbered variable list at the end 
of chapter 5. 
^Durbin-Watson statistic. 
*Signifleant at » " .05 level. 
**Signifleant at a « .10 level. 
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X27 X35 X36 X91 X94 X97 Xi02 Xiqô Xigy 
PPp LP LP APF MP/PR MP/PPp PPp/PFL PRL/PRC PRL/PRC 
t t t-1 t t-1 t t t-1 
5.45* 
'I-:; 
(1.56) 
-3.98* 
(1.87) 
-4.55* 
(1.78) 
-4.09* 
(1.76) 
-3.19* 
(1.29) 
-.04* 
( .01) 
-.06* 
( .01) 
-.05* 
( .01) 
-.05* 
( .01) 
-5.02* 
(1.46) 
-3.29* 
(1.34) 
5.80* 
(2.26) 
11.27* 
(3.75) 
6.45 
(4.43) 
9.36* 
(3.52) 
4.71* 
(2.03) 
4.36* 
(2.02) 
3.61* 
(1.40) 
3.25* 
(1.37) 
3.90 ** 
(2.03) 
4.37* 
(2.18) 
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Table 6.5. (Continued) 
Xll4 %118 
Equation TEN MP/LWR 
US MODEL t t 
1-0 4.43* 
(2.06) 
2-0 4.39** 
(2.43) 
3-0 -.57* 
(.13) 
4-0 -.70* 
(.13) 
5-0 -.63* 
(.12) 
6-0 
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to the cross-price elasticity derived from Equation 1 of 
Table 6.5, land and "other" machinery are substitute inputs 
at least in the short run. The variable for land prices in 
Equations 3 through 6 of Table 6.5 is related negatively to 
farm implement purchases. Land and "other" machinery are 
complementary inputs according to Equations 3 through 6. 
A contradiction exists; for Equations 1 and 2 of Table 
6.5 suggest that land and machinery are substitute inputs in 
agricultural production. The simple correlation coefficient 
between land prices and other machinery purchases is +.11, A 
positive simple correlation coefficient suggests that 
increases in land prices are associated with higher "other" 
machinery purchases. However, the correlation coefficient is 
very low. Land prices and "other" machinery purchases may be 
expected to move in the same direction only about 11 percent 
of the time. Machines and land probably become substitute 
factors of production after the land base is enlarged beyond 
that necessary to realize existing economies of large scale 
operation. Perhaps, land and machines are complements as the 
land base is expanded up to the optimal size. 
It was initially hypothesized that increases in crop 
prices relative to livestock prices would stimulate machine 
purchases. Such does not appear to be the case according to 
Equations1 and 2 of Table 6,5. The ratio PRL/PRC is positive­
ly related to "other" machinery purchases in Equations 1 and 
168 
2 of Table 6.5, indicating that increases in crop prices 
relative to livestock prices are associated with fewer 
purchases of farm implements. Equation 6 also yields a 
negative sign for the variable, prices received for crops. 
The initial hypothesis of a positive relationship between 
crop prices and "other" machinery purchases is rejected. 
Standardizing the net regression coefficients to elimi­
nate the units attached to the b values allows ranking of the 
regression coefficients according to their respective 
influences. According to Ezekiel and Fox (29), a commonly 
used standardization of the b values is obtained by stating 
each of the explanatory variables in terms of its own 
standard deviation. 
n n 
(6.1) b' = byy ( 2 (\'%)/ 2 (Y-Y) ) 
i^ i=l  ^^  i=l 
where b'y^  ^is the standardized net regression 
coefficient of Y on X^ . 
Since the computational task in standardizing the 
regression coefficients for all equations presented would be 
large, net regression coefficients for only three equations 
are standardized. They are presented in ranked order in 
Table 6.6. 
Ordinal rankings obtained by ranking variables according 
to the absolute values of the calculated students "t" 
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statistic are similar to those in Table 6,6, However, 
cardinal interpretation of the ranked variables based on the 
calculated "t" statistics is difficult. Standardization of 
the net regression coefficients according to Equation 6,1 is 
necessary if the ranking of regression coefficients is to be 
interpreted cardinally. 
Table 6,6, Variables ranked according to importance based on 
absolute value of standardized net regression 
coefficients* 
Equation 1 from Table 6.1 (Total purchases of machinery) 
25, 9^ , 118, 12, 97, 106, 107, 35 
Equation 1 from Table 6.2 (Tractor purchases) 
25, 12, 118, 9^, 35, 97, 106, 107 
Equation 1 from Table 6.5 (Other machine purchases) 
12, 94, 118, 97, 35, 25, 106, 107 
V^ariable numbers correspond to numbered variable list 
at the end of Chapter 5-
Two dummy variables were employed in conjunction with 
several of the more useful U, S, models to determine if a 
significant structural shift had occurred in the investment 
activity of farmers. One dummy variable was constructed to 
test if the pre-war intercept was significantly different 
than the average intercept over the period from 1911 to 1962, 
The other was constructed to test if the intercept for the 
post-World War II years was significantly different than the 
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average intercept, A significant difference in intercepts 
was found for both the pre and post-World War II periods for 
total machine purchases, farm truck purchases and purchases 
of other machinery. No significant period difference was 
found in the intercept for tractor purchases. 
No attempt was made to specify a separate intercept for 
the war years. Government regulation of production of farm 
machinery during the war placed a ceiling on machinery 
availability at the pre-war levels. 
Part IB - U, S, Models 19^ 6-1962 
Based on the finding of significant period differences 
in the intercept for several of the dependent variables 
agricultural investment functions for the period 19^ 6 to 
1962 were studied. 
The most valuable equations for explaining annual 
fluctuations in purchases of new farm machinery for the 
period 1911 to 1962 were not equally useful for the period 
19^6 to 1962, More explanatory variables are included in 
models covering the period 19^6 to 1962 because multicol-
linearity among independent variables is less than for the 
period 19II to 1962. 
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All farm machinery and motor vehicles 
Equation 3 of Table 6,7 is selected for predictions of 
post-war total investment in all farm machinery and motor 
vehicles. Model E, representing total farm investment in 
machinery and motor vehicles since 1946, is a symbolic 
expression of Equation 3 of Table 6.7. 
(Model E) TIt=Po+PiCRt+#2PPt"^ 3*Gt_l-P4APFt"P5MP/PRt-
p6MP/PBt_i+PyPPp/PFLt-p8PPp/PFLt_i-PgPFL/PKLt-
Plcft-PllPt.l-Pl2MP/tWRt 
All variables included in Model E are significant at the 
a = .05 level except MP/LWRj. which is significant at the 
a = .10 level. About 99 percent of the annual variation in 
total U. S. purchases of farm machinery and motor vehicles 
for the period 1946 to 1962 is explained by Model E. 
The income elasticity of the demand for all farm 
machinery items for the period 1946 to 1962 is 3*66 according 
to'Equation 3 of Table 6.7. A one percent change in cash 
receipts is associated with a 3.66 percent change, in the 
same direction, in the purchase of all farm machinery and 
motor vehicles. The income elasticity of the demand for 
all farm machines in the post-war period is higher than for 
the period 1911 to 1962. Evidently, the level of cash 
receipts is a more important determinant of investment in 
Table 6.7. Investment functions for total domestic investment in new 
farm machines and motor vehicles (TIj.) estimated by least 
squares with annual data, 1946-62; coefficients, standard 
errors (in parenthesis) and related statistics ^ & 
Xll Xi2 Xl5 Xl6 Xl7 
Equation 2 CR CR %DCR 7.DCR PRC 
US MODEL R" "d"*= Cons tant t t-1 t t-1 t 
1-0 -92 2.36 298.14 147.96 
(127.36) 
2-0 .89 3.29 -102.95 275.48* 
(76.41) 
.44* 
(.13) 
.42* 
(.13) 
3-0 .99 2.57 1755.12 366.47* 
(50.01) 
4-0 .91 2.40 34.17 -.44* 
(.07) 
5-0 .94 2.64 591.56 299.77* 
(93.81) 
^Dependent variable explained in text. 
Variable numbers correspond to numbered variable list at the end 
of chapter 5. 
^Durbin-Watson "d" statistic. 
*Signifleant at ce " .05 level. 
**Slgnifleant at Of - .10 level. 
173 
*19 *20 X25 *26 *35 *51 *55 *72 *84 
PRL PRL Pp Pp LP tS aS LBR Fa 
t t-1 t t-1 t t-1 t-1 t t-1 
.80* -.03* 
(.16) (.01) 
-.02 .53* -115.32* 
(.04) 
.62* 
(.08) 
(.09) (21.61) 
-.13* 
(.02) 
.07 .55* -.01* -9.69* 69.63 
(.05) (.11) 
.31* 
(.05) 
(.003) 
1 
0
 0
 (1.65) (97.55) 
17^ 
Table 6.7. (Continued) 
Equation 
US MODEL 
*91 
APF 
*94 
MP/PR 
t 
*95 
MP/PR 
t-1 
*102 
PPp/FL 
t 
*103 
PPp/PFL 
t-1 
*110 
PPL/PRL 
t 
*111 
P 
t 
1-0 
2-0 
-82.10* 
(24.77) 
-387.59* 
(124.06 
35.52* 
(12.22) 
3-0 
4-0 
-1.45* 
(.22) 
-85.59* 
(23.36) 
-172.10* 
(28.17) 
134.22* 
(51.74) 
-190.78* 
(33.93) 
-29.00* 
(8.70) 
-3.54* 
(.56) 
5-0 -.71* 
(.09) 
-75.79** 
(34.78) 
-65.93** 
(30.23) 
-1.11* 
(.21) 
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Table 6.7. (Continued) 
*112 *118 *119 
Equation P MP/LWR MP/LWR 
US MODEL t-1 t t-1 
1-0 
2-0 
3-0 
4-0 
5-0 
-.74 
(.41) 
141.30* 
(58.15) 
-3.43* -78.68** 
(.62) (39.99) 
-1.20 
(.69) 
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all farm machinery and motor vehicles in the post-war period 
than during the previous three decades. 
Lower total farm machinery purchases are expected during 
periods immediately following increases in the stocks of 
autos on farms as seen in Model E. Farm machinery purchases 
may be reduced as the number of autos on farms increases for 
two reasons. First, the drain on financial assets resulting 
from the purchase of new autos may reduce funds available for 
purchasing machinery items. Second, existing machine capacity 
may be considered adequate. If it were not, new machines 
would be purchased instead of new cars. The lagged auto 
stocks variable was not found to be significant in aggregate 
machinery investment functions for the period 1911 to 1962. 
Lower power and nonpower machinery purchases have been 
associated with increasing farm size since 1946 according to 
Equation 3» A one percent increase in average farm size was 
associated with only a 1.98 percent decrease in machine 
purchases during the period 1911 to 1962. It is probable 
that increases in farm size were associated with higher 
machinery purchases before the second World War. A one 
percent increase in average farm size has been associated 
with more than a I3 percent decrease in machinery purchases 
since 19^ 6 according to Equation 3 of Table 6.7. It must be 
remembered that the percentage changes mentioned here result 
from consideration only of changes in farm size, all other 
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things constant. Other influences may generate increases in 
machinery demand which off set the negative influence of 
increasing farm size. 
There are perhaps two reasons why a farmer who has just 
acquired additional acres does not immediately expand his 
stocks of machinery. First, excess machinery and power 
capacity may have existed before the acquisition of more 
acres. In fact, excess machinery capacity may have been a 
prime motivation for securing more land. Second, if farm 
size is increased by purchasing more land, financial assets 
may be temporarily depleted below levels necessary to allow 
purchase of machinery and power items. 
Increases in lagged values of PPp/PFL are associated 
with declines in total purchases of machinery and power items 
in Equation 3 of Table 6.7. Entrepreneurs accustomed to a 
certain level of living may hesitate to purchase production 
items at the expense of consumption of family living items. 
Higher current values of the ratio PPp/PFL suggest that the 
relative price changes may be permanent; especially when 
viewed with increases in the one year lagged values of the 
ratio. Entrepreneurs may reformulate expectational schemes 
and restrict consumption of family living items if price 
changes are thought to be permanent. Reorganization of the 
firms consumption habits will perhaps allow continued or 
expanded consumption of machinery and power items. The 
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absolute level of cash receipts from farm marketings has 
increased over time. Farmers as well as laborers seem to 
place greater emphasis on absolute income than on real income. 
If a farmer observes increases in lagged values of PPp/PFL 
and at the same time observes increases in the absolute level 
of cash receipts, increases in the current value of PPp/PFL 
need not cause a decrease in the consumption of either 
production or family living items. 
Higher parity ratios were initially thought to be 
associated with increased investment in machinery items. 
Equation 3 of Table 6.7 shows that the parity ratio exerts 
a negative influence on farm machinery purchases. The 
negative relation between parity and machinery purchased may 
result from the fact that relative increases in prices 
received for farm produce as compared to prices paid for all 
goods and services occur most often during or immediately 
following periods of low total agricultural output. Farmers, 
formulating expectations of the future based on current and 
past conditions, are unlikely to expand purchases of machinery 
items during periods of relatively low agricultural output. 
From 1911 to the time of the second world war, machine 
prices increased relative to farm labor wage rates. Since 
19^ 6, labor prices have increased relative to machine prices. 
Total machine purchases have increased moderately since 1950. 
Since both farm labor and machinery prices have increased 
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since 19^ 6, we are concerned with relative price changes. 
Higher machine prices may reflect increased efficiency and 
capacity of new machinery items. Whereas, higher labor 
prices are the result of a declining demand for farm labor 
pushing against an even more rapidly declining supply of 
farm labor. 
Farm tractors 
Table 6,8 includes investment functions for farm tractors 
for the period 1946 to 1962, The coefficient of determination 
is ,99 or larger for three of the four equations of Table 6,8. 
Equations 1 and 2 were run on logarithmic transformations of 
the original data. Consequently, the relevant elasticities 
may be read directly from the regression coefficients. 
Equation 1 and 2 differ only in that the ratio of prices 
paid for livestock to prices received for livestock is not 
included in the latter. The ratio PPL/PRL was not found to 
be statistically significant in Equation 1, 
Equation 2 of Table 6.8 is selected as the model for 
explaining total U. S. purchases of new farm tractors for the 
period 19^ 6 to 1962. 
(Model F) ITt = 
Pl0PSL/PHCt+puPRL/PR0t.i4l2Pt-l 
Table 6.8. Investment functions for domestic investment in farm, tractors 
(Itt) estimated by least squares with annual data, 1946 - 62; 
coefficients^ standard errors (in parenthesis) and related 
statistics^ 
Equation and ^ Xn X15 X15 X^y 
transformation » CR %DCR %DC& PRC 
US MODEL R "d"^ Constant t t t-1 t 
1-L .99 2.87 27.53 8.86* 
(1.05) 
2-L .99 2.61 30.84 9.47 * 
(.99) 
3-0 .86 1.84 -16.64 42.80* 
(21.27 
4-0 .99 2.26 337.75 82.12* 
(17.07) 
.09* .09* 
-16.43* 
(1.59) 
-17.26* 
(1.48) 
^Dependent variable explained in the text. 
y ' 
Variable numbers correspond to numbered variable list at the end 
of chapter 5. 
*^Durbin Watson "d" statistic. 
"^Equations denoted -0 are on original data -L denotes logarithmic 
transformation. 
*Significant at & = ,05 level. 
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^20 
PRL 
t-1 
^25 
Pp 
t 
^26 
Pp 
t-1 
^28 
PPp 
t 
I p  5= 
t t-1 t t-1 t 
M^^PR 
t 
22.84* 9.15* -10.23* 2.42* -18.00* 
(1.91) (1.26) (1.10) (.48) (1.77) 
23.67* 9.99* -10.99* 2.32* -18.64* 
1.88 (1.04) (.88) (.55) (1.82) 
.01* .10* -24.07* 
(.01) (.03) (6.02) 
.11* -.02* -.24* -30.01* 
(.03) (.01) (.07) (7.97) 
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Table 6.8. continued 
Equation and X95 %102 %L03 X1O6 %107 %110 
transformation MP/PR PPp/PFL ??p/P?L PRL/PRC PRL/PRC PPL/PRL 
US MODEL t-1 t t-1 t t-1 t 
1-L , 14.06* -25.26* -6.09* 1.68* .44 
(2.50) (3.06) (.60) (.50) (.44) 
2-L 16.28* -17.54* -6.31* 2.09* 
(1.22) (2.18) (.62) (.31) 
3-0 
4-0 -34.15* 15.71 -18.67 2.54 
(9.62) (17.66) (11.58) (2.97) 
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Table 6.8. continued 
Equation and XiH Xll2 X118 
transformation P P MP/LWR 
US MODEL t t-1 t 
1-L -9.82* 
(1.21) 
2-L -10.41* 
(1.15) 
3-0 
4-0 -.93 -.64* -13.88* 
(.19) (.21) (13.65) 
1&+ 
The income elasticity of demand for new farm tractors 
derived from Equation 2 of Table 6,8 is very high. A one 
percent increase in farm income is associated with about a 
9 percent increase in tractor purchases for the 19^ 6 to 1962 
period. The income elasticity for tractors is higher for the 
period 19^ 6 to 1962 than for the period 1911 to 1962. The 
high post-war income elasticity of tractor demand was 
expected since tractors are an important machinery input and 
the income elasticity of total farm machinery has been high 
during the post-war period. 
Prices received for crops are related negatively to 
tractor purchases in Model F. Periods of low total crop 
output generally are accompanied by higher crop prices. It 
is consideration of the conditions causing low output which 
causes increased crop prices to be associated with lower 
tractor purchases and not the absolute level of crop prices. 
The crop production per acre variable in Model F reflects 
the trends in total output when the land input is assumed 
fixed. As a potential investor observes crop production per 
acre in period t-1 and finds it to be increasing, he may feel 
that conditions are favorable for purchasing additional 
machine stocks. However, if he takes as given increases in 
lagged CP/A and observes current CP/A to be increasing too, 
he may restrict machine purchases in anticipation of lower 
cash receipts resulting from the larger supply of crop 
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products. Expanding farm product supply against a relatively 
fixed demand causes cash receipts to decrease because of the 
inelasticity of the demand for farm produce. Over the long 
term, investment in tractors takes place because of obsoles­
cence, depreciation, and the desire to improve and expand 
productive efficiency and capacity. These factors affect 
purchases in the long run even though tractor purchases are 
restricted by short run price and income considerations. 
The explanation of the sign difference between current 
and lagged values of PRL/PRC in Model F is based on a good 
deal of supposition. Agricultural entrepreneurs may conclude 
that livestock production should be emphasized more than 
crop production if livestock prices increase relative to crop 
prices for two consecutive years. If this were the case, the 
purchase of farm tractors, a major input in crop production, 
may be reduced to allow acquisition of implements and equip­
ment complementary to livestock production. Multicollinearity 
may exist between the independent variable series included in 
Equation 2 resulting in irregular signs of the variables. 
Reference to the simple correlation coefficients for the 
several variables included in Equation 2 does not suggest 
multicollinearity problems. 
Equation h of Table 6.8 yielded good results in the 
investigations of both total machinery and motor vehicle and 
farm tractor purchases for the period 1946 to 1962. The 
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regression coefficients for cash receipts, prices paid for 
all goods and services and lagged auto stocks were higher 
when the dependent variable was total machinery purchases 
than when tractor purchases were used. The opposite is true 
for the price ratios included in the system. 
From Equation 3 of Table 6.7 and Equation k of Table 
6,8 it is seen that aggregative variables such as cash 
receipts and prices paid for all goods and services are 
relatively more useful in explaining annual fluctuations in 
total machinery purchases than fluctuations in tractor 
purchases. Specific price relationships appear to be given 
relatively more consideration in the decision to purchase a 
specific type of machine than when deciding to expand total 
machinery stocks. 
Farm trucks 
More complete explanation of the annual fluctuation in 
farm truck purchases is possible than for any of the depen­
dent variables considered in Part lA and IB of this study. 
This is true for both the 1911 to 1962 and the 19^ +6 to 1962 
periods. Table 6.9 contains seven equations yielding 
coefficients of determination above ,97. 
Equation 6 of Table 6,9 is selected as the model for 
explaining total new farm truck purchases for the period 
19^ 6 to 1962, Symbolically writing Equation 6 gives, 
Table 6.9. Investment functions for domestic investment In farm 
trucks (Ifestimated by least squares with annual 
data, 1946-62; coefficients, standard errors (In 
parenthesis) and related statistics® ^ 
Xn Xi2 Xl6 *25 *26 
Equation -
US MODEL R "d"^ Constant 
CR CR %DCR PP Pp.. 
t t-1 t-1 t t-1 
- .01 
(.01) 
-.02** 
(.01) 
.02* 
( .01) 
.03* 
(.004) 
.02* 
(.004) 
^Dependent variable Is explained in the text. 
^Varlalle numbers correspond to numbered variable list at 
the end of chapter 5. 
^Durbln-Watson "d" statistic. 
*Slgnlfleant at Of = .05 level. 
**Slgnlfleant at a « ,10 level. 
1-0 .99 3.34 
2-0 .99 3.21 
3-0 .98 3.06 
4-0 ,98 2.66 
5-0 .97 2.69 
6-0 .99 3.24 
7-0 .98 1,81 
25. 59 48.53* 
(6.74) 
28. 79 36.04* 
(8.01) 
35. 10 26.15* 
(5.54) 
14. 49 52.88* 
(6.55) 
15. 33 40.35* 
(7.10) 
50. 11 24.84* 
(4.19) 
14. 14 33.97* 
(4.83) 
-.03* 
(.01) 
13,11* 
(4.60) 
.02* 
(.01) 
13.36* 
(4.47) 
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*35 *55 *70 *73 *74 *83 *87 *91 *95 
LP aS NFUP PCPR GPDI FA L APF MP/PR 
t t-1 t t t t t t t-1 
-3.OA 
(3.16) 
-4.63 
(3.59) 
-.001 
(.001) 
.63* 
( .06)  
.63* 
(.08) 
.62* 
(.05) 
.59* 
(.05) 
-.003* 
(.001) 
.61* 
(.12) 
.65* 
(.19) 
.47* 
(.09) 
.39* 
(.10) 
4.58* 
(1.20) 
4.56* 
(1.26) 
5.55* 
(1.00) 
4.97* 
(.97) 
•131.24* 
(18.80) 
•139.75* 
(28.12) 
-103.67* 
(9.67) 
•106.02* 
(9.71) 
-45.56* 
(8.71) 
41.56* 
(9.39) 
-55.72* 
(3.54) 
-50.99* 
(3.84) 
-.05* 
(.01) 
-.05* 
(.008) 
-.03* 
(.004) 
-4.12* 
(.38) 
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Table 6.9. (Continued) 
*100 *102 Xi03 *108 XllO Xll2 Xll8 
Equation PDIF/PDINF PPp/PFL PPp/PFL GP/CR PPL/PRL P MP/LWR 
US MODEL t t t-1 t t t-1 t 
1-0 .14* 
(.02) 
3.44 
(7.31) 
1.39 
(2.53) 
2-0 .14* 
(.02) 
3.95 
(7.56) 
2.82 
(3.31) 
3-0 -21.08* -24.46* -.29 .09* 18.59* 
(3.91) (2.78) (.80) (.01) (2.13) 
4-0 -.14* 
(.02) 
5-0 -.15* 
(.02) 
6-0 -17.31* 
(2.83) 
-25.13* 
(2.09) 
-.71 
(.58) 
18.49* 
(1.60) 
7-0 -17.56* 
(2.94) 
-21.50* 
(1.95) 
o
 o
 
21.57* 
(1.81) 
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(Model G) If^ =PQ+p^ CR^ +g2PPt-P2a8^ _]_-p^ _APF-P^ MP/PR^ _]^ -
pgPPp/PFL^ -PyPPp/PFL^ j^^ -JgPPL/PRL^ +^ M^P/LWR^  . 
Model G for total U. S. farm truck purchases for the period 
19^ 6 to 1962 includes the same variables as Model C for total 
U. S. truck purchases 1911 to 1962 except that PP.P/PPX^  does 
not appear in Model C. The coefficient of determination for 
Equation 6 of Table 6,9 is .99. An of .9^ - was obtained 
from Equation 13 of Table 6,3. 
The regression coefficients for variables reflecting 
cash receipts or product prices received are larger in Model 
G than in Model C. The fact that the income elasticity of 
the demand for trucks is higher in the 19^ 6 to 1962 period 
than in the I9II to 1962 period may explain why the coeffi­
cients of income related variables are larger in Model G 
than in Model C. 
Equations 1, 2, ^  and 5 of Table 6,9 include a number 
of nonfarm variables which are useful in explaining the 
annual variation in farm motor truck purchases for the period 
19^ 6 to 1962. The nonfarm variables found to be statistically 
significant are the nonfarm unemployment rate, the interest 
rate on prime commercial paper and gross private domestic 
investment. The presence and significance of these variables 
in truck investment functions suggests that nonfarm variables 
reflecting aggregate economic activity are, in some cases, as 
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useful as agricultural variables in explaining investment in 
farm trucks. History points out that, in general, agricul­
ture is relatively better off during periods of little or no 
progress in aggregate economic activity than during periods 
of rapid expansion in aggregate economic activity. 
The nonfarm variables found to be significant in 
explaining changes in truck purchases for the period 19I+6 to 
1962 were not significant for the period 191I to 1962, 
Another interesting variable included in Equations 1 and 
2 of Table 6.9 is the ratio of government payments to total 
cash receipts. Truck purchases are shown to increase as 
government payments to farmers account for larger proportions 
of total cash receipts in Equations 1 and 2. Government 
payments to farmers in recent years have been primarily for 
taking land out of production. As compliance with govern­
mental farm programs increases, more farmers find themselves 
with time available for nonfarm employments. Equations 1 and 
2 implicitly suggest that one type of nonfarm employment 
pursued by farmers complying with governmental farm programs 
is commercial trucking. This same implication was found 
when analysing farm truck purchases 1911 to 1962, 
Other farm machinery 
Table 6.10 includes investment functions for "other farm 
machinery" for the period 19^ 6 to 1962, Equation 7 of Table 
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6.10 has the highest coefficient of determination and the 
largest number of significant explanatory variables of the 
equations presented for "other" machinery demand. Model H is 
a symbolic representation of Equation 7 of Table 6,10. 
(Model H) Iom^ =gQ+g^ PRC^ -g2^ Pt+g3CP/At+gl^ I'IP/PR^ -g^ PPp/PFL^ + 
P6PPp/PFLt_i+P7PRL/PRCt-P8PRL/PRCt_i+P2pPL/PRLt+ 
PlO^ t-l 
The cross-price elasticity of the demand for "other" 
machinery is negative suggesting that land and "other" 
machinery items are complementary inputs over the period 19^ 6 
to 1962. A one percent increase in land prices is associated 
with a very large decrease in "other" machinery purchases as 
well as decreases in land purchases. 
Current and lagged values of the ratio PPp/PFL exert 
opposite influences on the purchase of nonpower farm imple­
ments in Equation 7 of Table 6.10. A positive sign attached 
to the ratio PPp/PFL suggests that increases in the prices 
paid for production items relative to prices paid for family 
living items may be associated with increased purchases of 
"other" machinery. A negative sign suggests that as PPp 
increases relative to PFL farmers may not be willing to 
restrict consumption of family living items enough to allow 
continued or increased purchases of farm implements. 
Table 6,10, Investment functions for domestic investment in other farm 
machinery (lomj.) estimated by least squares with annual data, 
1946-62; coefficients^ standard errors (in parenthesis and 
related statistics 
Xll Xi2 ^13 Xi4 
Equation 2 CR CR 7oDCR 7,DCR 
US MODEL R "d"'^ Constant t t-1 t t 
1-0 .96 1.67 7.41 
2-0 .88 2.18 -24.34 53.84* 
(15.93) 
3-0 .88 1.95 -28.67 60.88* 
(18.03) 
4-0 .97 1.91 53.37 .83 
(26.21) 
5-0 .95 1.84 -34.97 85.95* .12* .17* 
(17.26) (.03) (.03) 
6-0 .97 2.21 -77.79 61.98* 
(23.21) 
7-0 .99 2.98 -41.25 
8-0 .94 1.46 14.72 
9-0 .95 1.61 -55.60** 42.23 
(20.66) 
^Dependent variable is explained in the text. 
Variable numbers correspond to numbered variable list at the end 
of chapter 5. 
^Durbin Watson "d" statistic. 
•Significant at a • .05 level. 
**Significant at a • .10 level. 
19^ 
Xi7 X20 
PRC PRL 
t t-1 
X25 
PP 
t 
X26 
Pp 
t-1 
X27 
PPp 
t 
X29 
PFL 
t 
X3O X35 
PFL LP 
t-1 t 
X37 X38 X51 
PPL PPL tS 
t t-1 t-1 
.07* 
( .006) 
.06* 
( . 02 )  
.07* 
( .02) 
.01 
( .01)  
.03* 
(.01) 
.19* 
(.03) 
.16* 
( . 0 2 )  
.04* 
(.01) 
.14* 
( .02) 
-.03 -.08** 14* 
(.02) (.04)(.04) 
•22.16* 
(3.45) 
•16,77* 
(3.87) 
-20.40* 
(3,61) 
•33.03* 
(4.88) 
•40.66* 
(3.86) 
.02* .02* 
(.005) (.007) 
-,005* 
( .001)  
.002* 
(.001) 
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Table 6.10. 
5^5 6^5 *94 1^02 1^03 1^06 1^07 
Equation aS CP/A MP/PR PPp/PFL PPp/PFL PRL/PRC PRL/PRC 
US MODEL tTl t t t t-1 t t-1 
1-0 
2-0 
3-0 
4-0 -20.17* -72.88* 
(5.10) (25.53) 
5-0 
6-0 .01* 4.55* -9.25 3.18* 
(.001) (3.77) (19.00) (9.15) 
7-0 .10* 17.34* 28.82* 30.51* 7.94* -6.50* 
(.02) (.98) (10.72) (8.05) (1.14) (2.26) 
8-0 -12.70* -33.19** 
(3.75) (17.01) 
9-0 .002** 
( .001) 
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Table 6.10. (con't) 
XllO X112 X118 
Equation PPL/PRL P MP/LWR 
US MODEL t t-1 t 
1-0 
2-0 24.81* 
(6.65 ) 
3-0 30.56* 
( 7 . 5 6  )  
4-0 14.11* -.08 13.34 
(2.51) (.08) (11.97) 
5-0 
6-0 7.70* .18* 22.70* 
(2.96) (.04) (8.96) 
7-0 9.98* .19* 
(2.31) (.03) 
8-0 11.73* 
(2.51) 
9-0 4.57* .11* 27.25* 
(1.85) (.02) (6.83) 
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The sign of PPp/PFL^  is positive in Model F and negative 
in Model H. The opposite is true for the sign of the lagged 
values of PPp/PFL. These sign differences suggest that 
farmers may be willing to restrict consumption of family-
living items to allow continued or expanded tractor purchases 
but that they do not seem willing to restrict consumption of 
consumer goods to allow continued or increased purchases of 
"other" machinery items. 
Over the period 1911 to 1962, the ratio PPp/PFL was 
observed to be related positively to "other" machinery 
purchases. Prior to 19^ 6, farmers purchased new nonpower 
farm machinery items to reduce human labor requirements. 
According to Equations 3 j ^  and 5 of Table Ju$- farmers were 
apparently willing to purchase new machinery items at the 
expense of possible increases in consumption of family living 
items. All of the discussion relating to the ratio PPp/PFL 
assumes a fixed budget constraint. 
While new tractor purchases are confined primarily to 
the larger volume farmers, purchases of "other" machinery 
items are made by all classes of farmers. As the number of 
farmers declines the demand for other machinery items is 
reduced partially because of the drop in the number of 
potential purchasers. 
In general, the income elasticity of the demand for new 
farm machinery is higher during the period 19^ 6 to 1962 than 
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during the period 1911 to 1962. The higher income elasticity 
in the shorter and more recent period suggests that farmers 
have based expectations of the future heavily on incomes 
since 19^ 6. The machine price variable was found to be of 
little use in explaining total U. S. machine purchases since 
1946. As a result, it is not possible to compare price 
elasticities of demand for the two study periods from the 
results obtained from the national analyses. 
Autoreeressions on U. S. models 
Durbin-Watson autocorrelation statistics are reported 
for each equation presented in Tables 6.1 through 6.10. 
Three equations were corrected for autocorrelation in the 
residuals. The equations were originally specified to 
predict the total U. S. domestic demand for new farm machin­
ery, the demand for farm trucks and the demand for "other 
farm machinery" for the period 1911 to 1962. The Durbin-
Watson test for autocorrelation in the residuals for each 
of the three equations originally suggested the presence of 
significant autocorrelation or yielded inconclusive results 
relating to the presence of autocorrelation. 
The autocorrelated error structure was assumed to be 
approximated by the first-order Markov scheme, Uj.= ^ T^ t-l'^ '^ t' 
Estimates of Ç were obtained using the Theil and Nagar 
A 
approximation, ^ = 1 - %d, where "d" refers to the Durbin-VfatSMi 
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autocorrelation statistic (93a). The data were transformed 
according to the system (Variable  ^Variable • 
Ordinary least squares regressions were run on the transformed 
data and new "d" values were computed. For Equations 3 - 6,1 
and 1-6,5 only one iteration of the above procedure was 
necessary to obtain a "d" value which allowed rejection of 
the null hypothesis of autocorrelation in the residuals. Two 
iterations did not produce acceptable "d" values for Equation 
12-6,3. A second-order autoregressive scheme may be 
necessary to correct for autocorrelation in Equation 12 - 6,3 
of Table 6,10a. 
The significance of the variables in the equations 
corrected for autocorrelation was about the same as in the 
original equations. The coefficient of determination of the 
corrected equations is shown to be lower than for the origi­
nal equations. However, the true coefficient of determination 
is not that of the autoregressive equation, 
Autoregressive investigations were undertaken to reduce 
the error sums of squares. The true coefficient of deter­
mination is given by subtracting the error sums of squares 
of the autoregressive equation from the total sums of squares 
of the original equation. 
1, Y'Y - e'eg = SSR 
2, SSR/Y'Y = true coefficient of determination 
The true coefficient of determination is ,92, .9^  and ,91 for 
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Table 6.10a. Original equations and equations corrected for 
autocorrelation; regression coefficients, 
standard errors (in parenthesis) and related 
statistics 
Original Corrected Original Corrected Original Cor-
3-6.1* 12-6.3* 1-6.5* rected 
.91 .83 .91 .80 .88 .79 
"d" 1.54 2.01 1.10 1.37 1.28 
constant 56.38 42.29 -.14 -.04 -21.66 -8.82 
11 24.87* 20.84* 
(5.03) (5.21) 
12 34.20* 30.82 39.89* 26.62* 
(15.20) (19.53) A (7.79) (9.70) 
.03* 25 .01 .01* .01* 
(.002 (.003) (.007) (.007) 
31 .07* .06* 
35 
(.02 
-17.72* 
(.02) 
-17.13* 5.45* 2.34 
(4.60) (6.13) (1.49) (2.14) 
55 .001* 
(.000) 
.0003* 
(.0000) 
91 -.17* -.16* -.02* -.01* 
(.02) (.04) (.006) (.006) 
9^  -5.02* -3.70* 
(1.46) (1.48) 
95 -.90 -.35 
(.60) (.52) 
5.80* 97 2.37 
(2.26) (2.27) 
102 31.17* 25.65* -9.02* -6.77* 
(8.15) (10.59) (2.80) (2.73) 
106 4.71* 
(2.03) 
4.30* 
(1.87) 
107 3.90** 3.69* 
2.40* 
(.87) 
(2.03) (1.82) 
110 3.72* 
(.87) 
114 -1.31* -1.35* 
(.35) (.45) 
4.43* 118 3.69* 2.25* 2.87 
(.55) (1.00) (2,06) (2.58) 
*The first number refers to the equation number. The 
second refers to the table in which the original equation was 
first repeated. 
S^ignificant at the a=.05 level; *'*iSignificant at the 
a=.10 level. 
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corrected equations 6 - 3.1, 12 - 6.3 and 1-6,5 respec­
tively. 
The Durbin-Watson test for autocorrelation for several 
of the equations reported for U. S, models for the period 
19^  to 1962 suggested the presence of significant negative 
autocorrelation in the residuals. Attempts to correct for 
negative autocorrelation were not successful. Perhaps higher 
order autoregressive techniques should be used to correct for 
autocorrelated error terms in the 19^ 6 to 1962 models. How­
ever, the coefficient of determination for the equations for 
the 1946 to 1962 period are high enough to suggest that only 
slight improvements in predictive capacity may be observed 
from procedures to correct for autocorrelation in the 
residuals. 
Part II - Regional Models 
Part I of this chapter dealt with specifying the 
significant relationships in investment functions explaining 
total U. S, investment in new farm machinery. Part II is 
concerned with interpreting results of regional analyses of 
annual time series data, 1946 to 1963. Interregional simi­
larities and differences in investment functions for farm 
tractors, farm trucks, "other farm machinery" and all farm 
machinery and motor vehicles are discussed, 
A symbolic investment function for each region for each 
201 
dependent variable is not presented because of the repetition 
involved. Symbolically specified investment functions are 
included only where the inclusion aids in the discussion of 
similarities or differences in the regional demand functions 
presented in this section. 
Two measures of each dependent variable were used in the 
regional analyses. Annual dollar purchases deflated by the 
consumer price index are the first measure. The second 
measure was obtained by deflating annual dollar purchases by 
either the machinery or motor vehicle price index. The latter 
measure was included because it was feared that consumer 
price index trends were not indicative of inflation of 
machine prices. Both types of deflators allow satisfactory 
results. 
Farm tractors 
Annual fluctuations in new farm tractor purchases can be 
explained by aggregative variables such as cash receipts, 
farmers' liability levels and simple prices according to the 
results presented in Tables 6.11 through 6.20. This is true 
for all regions of the United States except the more depressed 
agricultural areas of the south. Table 6.15 and 6.16 show 
that in the Appalachian and Southeast regions more complex 
factor-factor and factor-product price relationships should 
be considered to explain tractor purchases. 
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The variables included in Model IR explain about 98 
percent of the variation in tractor purchases in the North­
east according to the results presented in Equation 7 of 
Table 6.11, All variables in Equation 7 are significant at 
the a = .05 level, 
(Model IR) RItt=Po+PiCat_i-p2Lt-P3PFLt+P4MPt-P$GPt-P6%DCRt_l 
The income elasticity of the demand for tractors in the 
Northeast is about 1,19.3 A one percent change in cash 
receipts is associated with a 1,19 percent change in farm 
tractor purchases in the Northeast, The income elasticity 
of the demand for tractors was found to be slightly higher 
when the dependent variable using the consumer price index as 
the deflator was used. 
The price elasticity of the demand for farm tractors in 
the Northeast is ,75» A one percent change in the price of 
tractors, assuming the machine price index reflects tractor 
prices, is associated with a ,75 percent change in tractor 
purchases. The positive sign oh the regression coefficient 
for machine prices in Equation 7 of Table 6,11 is possible 
if machine prices are veiwed as reflecting capacity and 
3All elasticities computed from the results of the 
regional analyses were computed at the means of the variables 
for the period 1946 to 1963 according to the procedure in 
Footnote 1 of Chapter 6, 
Table 6.11. Investment functions for annual Investment in new farm 
tractors for the period 1946-63; coefficients, standard 
errors (in parenthesis) and related statistics* b 
Northeast region 
Equation and 
transformation 
Dep. 
Reg. 1 Var. Constant 
Xl2 
CR 
t-1 
%20 
L 
X22 
CP/A 
t-1 
X29 
PFL 
t 
X3I 
MP 
t 
1-0 1 .98 44.97 3.36* -.07* .45* -.51 .24* 
(.95) (.01) (.16) (.25) (.02) 
2a-0 50 .97 5.29 -.03* -.34 .09* 
(.004) (.07) (.01) 
2b-0 1 .94 185.06 -.08* -.68* .26* 
(.01) (.24) (.03) 
3a-L 50 .95 9.30 -1.66* -2.30* .91* 
(.27) (.61) (.13) 
3b-L 1 .95 8.47 -1.62* -1.86* 1.03* 
(.23) (.52) (.11) 
4-0 1 .96 3.07 3.52* -.06* -.17 
(1.11) (.01) (.27) 
5-0 50 .97 72.03 -.02* -.33* 
(.004) (.07) 
6-0 50 .99 75.32 -.03* .16* -.44* .08* 
(.003) (.05) (.06) (.007) 
7-0 50 .98 39.76 .86* -.03* -.20* .09* 
(.36) (.003) (.08) (.008) 
8-0 50 .98 39.45 .86* -.03* -.21* .09* 
(.36) (.003) (.08) (.009) 
dependent variable is discussed in the text. 
^Variable numbers correspond to numbered variable list at the 
end of chapter 5. 
'^Equations denote -0 are in original data; -L are in terms of 
a logarithmic transportation 
*Signifleant at @ = .05 level. 
2C4 
X44 
MP/LWR 
t 
X 
GP 
t 
56 '*•57 GP 
t-1 
X59 X64 
%DCR DI 
t-1 
-.16* -.57* 
(.02) (.17) 
-.10* -.08 
(.01) (.05) 
-.26* -.37* 
(.04) (.16) 
-.15* 1.11 
(.03) (2.04) 
-.18* .30 
(.03) (1.74) 
25.56* -.13* -.45* 
(2.71) (.03) (.20) 
8.79* -. 08* .02 
(.95) (.01) (.05) 
-.10* -.07 
(.01) (.04) 
-.08* -.18* 
(.01) (.06) 
-.09* -.17* 
(.01) (.06) 
1.07 
(.56) 
.54 
(.59) 
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efficiency of new machines. Machine prices are shown to 
affect regional tractor purchases directly just as in the 
U, S, models in parts lA and IB. 
Farmers' liabilities are shown to be related negatively 
to new tractor purchases in most regions of the U. S. by the 
results presented in Tables 6.11 through 6,20. There may be 
several reasons why higher liability levels are associated 
with lower tractor purchases. Farmers may have purchased 
large quantities of power items during the previous year. 
If so, adequate or excess power capacity may exist in the 
current period and no new investment in power items is 
necessary. Farm product prices may have fallen sharply 
causing farmers to borrow funds to continue operation. 
Farmers' may feel a strong obligation to repay borrowed 
funds and purchases of tractors will be postponed until 
farmers' debt load is reduced. If the product price drop 
was the result of excess production, additional productive 
capacity may be difficult to justify. 
Crop failures may also increase farmers' debt load. It 
is doubtful that farmers would want to expand power capacity 
in periods of uncertain income. Too, credit suppliers may be 
unwilling to extend large loans to farmers when crop prospects 
are not good. 
Prices of family living items have an inverse relation­
ship with tractor purchases in the Northeast; the same 
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relationship was observed between total U. S. tractor pur­
chases in Part I of this chapter. If farm incomes increase, 
consumption of family living items and investment in tractors 
may be continued at previous levels even though the price 
levels have changed. Consumption of both durable and non­
durable goods may even be expanded if the budget constraint 
is relaxed far enough. 
Government payments to farmers are included in farm 
tractor investment functions for most regions. The sign of 
the coefficient for government payments in the Northeast 
region is negative in Equation 7 of Table 6,11. Low profit 
expectations of farmers may be reflected by increased partici­
pation in governmental farm programs. Equation 7 suggests 
that farmers are unlikely to invest in new power items when 
the net cash yield from investment activities is uncertain, 
A negative relationship between government payments and 
tractor purchases is suggested for each production region 
by the findings reported in Tables 6,11 through 6,20, 
As the percentage change in farm income increases from 
period t-2 to t-1, tractor purchases, in the Northeast 
region, are reduced. This, of course, assumes that the 
percentage changes in income were negative. Positive 
percentage changes in income are e:^ ected to be associated 
with higher tractor purchases based on the relationship 
between cash receipts and tractor purchases discussed in 
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Part I. The real value of cash receipts in the Northeast 
has been decreasing since 1946. 
The percentage change in cash receipts variables is used 
in equations employing both original data and a logarithmic 
transformation of original data. In the latter equations the 
percentage change in cash receipts variable is not trans­
formed, The logarithmic transformation of the percentage 
change in cash receipts variable is not possible because 
there have been both positive and negative changes in cash 
receipts. It is not possible to take the logarithim of a 
negative number, at least using simple number systems. 
Equations 6 and 8 of Table 6.11 include a dummy variable 
reflecting the influence of better than average weather on 
tractor purchases in the Northeast. The better than average 
weather variable was not found to be significant in either 
equation. Other equations did show that the poorer than 
average weather variable was related negatively to tractor 
purchases. These equations are not presented in Tables 6.11 
to 6.20 because the results, considering all variables, were 
generally poor. 
Equations 2a, 2b, 3a and 3b of Table 6.11 do not include 
a cash receipts variable. Comparing these equations with 
Equation 7, it is evident that a lagged cash receipts vari­
able should be included in tractor investment functions for 
the Northeast region. 
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Equation 4 of Table 6.12 for the Lake States and Equa­
tion 7 of Table 6,11 for the Northeast include the same 
variables. More than 90 percent of the annual variation in 
new farm tractor purchases in the Northeast and Lake States 
can be explained by considering the relationships specified 
in Model IR. Tractor purchases in the Corn Belt are explained 
equally well by these same six variables according to Equation 
5 of Table 6,13. 
The income elasticity of demand for farm tractors is 
1.19; 2.66 and 5.86 for the Northeast, Lake States and Corn 
Belt regions respectively. Based on the relative income 
elasticities, Corn Belt farmers appear to place more emphasis 
on cash receipts as a determinant in the decision to purchase 
new tractors than farmers in the other two regions. The 
opposite is true of farmers' response to machine price 
changes according to the price elasticities of demand in the 
three regions. The price elasticity of demand for new farm 
tractors is roughly ,75 for the Northeast and Lake States, 
but it is only ,04- in the Corn Belt for the period 194-6 to 
1963. Corn Belt farmers appear to adjust tractor purchases 
only slightly to changes in machine prices. 
The ratio MP/LWR is a significant positive influence on 
tractor purchases in the Corn Belt according to the five 
equations of Table 6,13, In areas where the farm labor 
supply is greater than in the Corn Belt the variable MP/LWR 
Table 6.12. Investment functions for annual Investment in new farm 
tractors from annual data 1946-63; coefficients, standard 
errors (in parenthesis) and related statistics* ^  
Lake states 
Equation and 
transformation X12 Xjy X^g X20 ^27 
Dep. 2 CR PR PR L PPp 
Reg. 2 Var. R Constant t-1 t t-1 t 
1-L 50 .89 -6.74 3.78* 3.04* -3.58* 
(1.03) (.50) (.79) 
2a-0 50 .88 92.49 .02* .02* -3.81* 
(.009) (.004) (1.03) 
2b-0 1 
0
 
00 
270.25 .06* .06* -9.54 
(.03) (.01) (3.16) 
3-0 50 .92 -32.91 2.77* -.02* 
(.60) (.005) 
4-0 50 .91 -41.82 2.96* -.03* 
(.89) (.01) 
dependent variable is discussed in the text. 
^Variable numbers correspond to numbered variable list at the 
end of chapter 5. 
^Equations denoted -0 are in terms of original data, -L are in 
terms of a logarithmic transformation. 
*Signifleant at the w=.05 level. 
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*29 3^1 4^1 4^4 5^5 
PFL MP MP/PR MP/LWR WCR 
t t t t 
5^6 *59 *64 *71 
GP %DCR D, MP/PR 
t-1 t-1 t 
.13 
(.34) 
.81* 
(.25) 
308.27* 
(118.33) 
908.95* 
(362.62) 
.15* 
(.03) 
-6.73* 
(1.57) 
-5.69* 
(1.64) 
-16.18* 
(5.02) 
15.26* 
(2.72) 
-.04 
(.02) 
-.03 
(.03) 
-.35* 
(.14) 
-.42* 
(.18) 
.22 
(.24) 
71.55 
(139.16) 
253.37 
(426.45 
-.53 
(1.63) 
Table 6.13. Investment functions for annual investment in new farm 
tractors from annual data 1946-63; coefficients, standard 
error (in parenthesis) and related statistics® " 
Corn Belt 
Equation and ^ 
transformation X12 X^g X20 ^22 X29 
Dep. 2 CR PR L CP/A PFL 
Reg. 3 Var. R Constant t-1 t-1 t-1 t 
1-0 50 .91 -11.41 .01* 
(.004) 
2-0 1 .90 -280.46 6.46* -.03* 
(1.46) (.01) 
3-L 1 .93 1.58 1.56* -.86* .38 
(1.43) (.19) (.25) 
4-0 1 .93 -579.50 8.59* -.05* 2.11 
(1.40) (.01) (.97) 
5-0 50 .93 -343.38 4.69* -.03* -1.43* 
(.70) (.005) (.38) 
6-L 1 .90 4.93 -1.20* .49 -.83 
(.39) (.34) (.96) 
^Dependent variable is discussed in the text. 
b 
Variable numbers correspond to numbered variable list at the 
end of chapter 5. 
^Equations denoted -0 in terms of original data; -L are in terms 
of a logarithmic transformation. 
•Significant at the Of = .05 level. 
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*31 
MP 
t 
MP/LWR 
t 
*56 
GP 
t 
*57 
GP 
t-1 
*58 
%DCR 
*59 
%DCR 
t-1 
îi 64 S! 
t-1 
5.19 
(4.36) 
67.83* -.04 
(12.18) (.04) 
.82* .08* 
(.11) (.03) 
50.34* 
(13.26) 
.01 .06* 
(.05) (.02) 
1.09* -.11* 
(.19) (.04) 
.02 
(.02) 
.80* 
(.31) 
.001 
(.05) 
-.98* 
(.33) 
-1.73* 
(.64) 
-2.59* 
(.61) 
-1.31* 
(.28) 
4.29* 
(1.93) 
-5.77 
(3.76) 
-10.80 
(8.67) 
-276.62 
(237.72) 
-289.12 
(341.58) 
1.79* 
(.33) 
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may exhibit a different influence. 
Farming in the Corn Belt is more diversified than in the 
Northern Plains region. The Northern Plains region is pre­
dominantly a crop producing area whereas, both crop and 
livestock production are common in the Corn Belt, Crop 
prices were initially hypothesized to have a greater influ­
ence on tractor purchase in the Northern Plains region than 
in the Corn Belt. The results presented in Table 6.13 for 
the Corn Belt and in Equation 5 of Table 6.l4 for the 
Northern Plains do not indicate a dominant influence for 
crop prices on tractor purchases in either of the two regions. 
In fact, livestock prices were found to be a significant 
variable in tractor purchase in the Corn Belt in Equation 1 
of 6.13; crop prices were not. The ratio of prices received 
for livestock to prices received for crops exerts a positive 
influence on tractor purchases in Northern Plains states 
according to Equation 5 of Table 6,1^ , The importance of 
livestock prices in the decision to expand farmers' tractor 
stocks should not be overlooked. 
The Appalachian region is generally considered as having 
a depressed agricultural sector. Areas or sectors suffering 
from chronic income depression are often characterized by 
large personal debts. Farmers' liabilities are negatively 
related to tractor purchases in the Appalachian region 
according to the equations presented in Table 6.15. A one 
Table 6.14. Investment functions for annual investment in new farm 
tractors from annual data 1946-63; coefficients, standard 
errors (in parenthesis) and related statistics® b 
Northern Plains 
Equation and 
transformation *17 *19 *20 *26 
Dep. 2 CR PR Fa L aS 
Reg. 4 Var. R Constant t-1 t t-1 
1-0 1 .96 1065.03 
2-0 50 .93 -55.97 2.07* -.03* 
(.33) (.006) 
3-0 1 .92 -640.82 3.28* 1.24* 
(.61) (.19) 
4-L 1 .90 -10.55 1.27* 5.38* 
(.30) (1.01) 
5-0 1 .89 14.59 -.005 -.37 
(.009) (.40) 
dependent variable is discussed in the text. 
^Variable numbers correspond to numbered variable list at the 
end of chapter 5. 
^Equations denoted -0 are in terms of original data; -L are 
in terms of a logarithmic transformation. 
•Significant at the * = .05 level. 
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*27 
PPp 
t 
*29 
PFL 
t 
*37 *38 *42 *44 
PPp/PFL MP/LWR 
t t 
GF 
t-1 
Xco 
%DC& 
t-1 
*64 
Dl 
-9.37* -32.23* -16.83* 194.53 38.84* 
(2.78) (3.90) (2.59) (337.23) (5.89) 
.45 10.46* .06 -.26* -4.60 
(.24) (3.71) (.03) (.08) (2.32) 
-4.61* 984.82* 27.00* 
(1.94) (297.17) (7.69) 
-1.57* 2.16* .84* 
(.66) (.80) (.21) 
31.26* - .46* -11.92 
(8.61) (.18) (5.24) 
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Table 6.14. (Continued) 
Equation and 
transformation X67 *69 *71 
PRL MP/PR PRL/^C Dep. PRC 
Reg. 4 Var. t t t-1 t-1 
1-0 1 1.12* 8.49* 
(.34) (1.49) 
2-0 50 
3-0 1 . 75.02 
(330.26) 
4-L 1 -.08 
(.17) 
5-0 1 
(68.40) 
Table 6.15. Investment functions for annual investment new farm tractors 
from annual data 1946-63; coefficients, standard errors 
(in parenthesis) and related statistics ab 
Appalachian 
Equation Xl2 X20 X22 X29 X31 
Dep. 2 CR L CP/A PFL MP 
Reg. 5 Var. Constant t-1 t-1 t t 
1-0 50 .91 1.70 1.07 
(.88) 
-. 60* 
(.22) 
2-0 1 .93 2.14 -.58* 
(.22) 
.74 
(.51) 
3-0 1 .94 1.01 -.91* 
(.25) 
.37 
(.51) 
1.43* 
(.20) 
4-0 1 .93 1.16 -.93* 
(.27) 
.29 
(.85) 
1.44* 
(.20) 
5-0 1 .94 -1.04 1.04 
(1.00) 
-1.08* 
(.31) 
.86 
(1.01) 
1.44* 
(.20) 
^Dependent variable is discussed in the text. 
^Variable numbers correspond to numbered variable list at the end of 
chapter 5. 
* Significant at the a = .05 level. 
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^44 *56 *59 *64 
MP/LWR GP %ACR 0% 
t t t-1 
1.25* -.27* -1.37 28.12 
(.19) (.08) (3.60) (356.81) 
1.30* -.33* -157.38 
(.19) (.08) (376.82) 
-.34* -135.04 
(.07) (368.85) 
-.33* -.46 
(.08) (2.45) 
-.28* -3.87 
(.09) (4.09) 
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percent increase in farmers' liabilities is associated with 
about a 20 percent decrease in purchases of new farm tractors 
according to Equation h of Table 6.15. If creditors' willing­
ness to supply funds for new tractor purchases is a function 
of the existing liability level, tractor purchases in the 
Appalchian region may be determined primarily outside the 
firm. 
The price elasticity of the demand for tractors in the 
Appalachian region is very high, Appalachian farmers seem to 
be more responsive to tractor prices than farmers in the Corn 
Belt, Northern Plains, Lake States or the Northeast, However, 
forces external to the firm and the market, namely creditors, 
may regulate the extent of investment in new tractors in the 
Appalachian region. 
It was initially hypothesized that government payments 
to farmers were related positively to tractor purchases in 
low income areas. However, higher government paymentp to 
farmers in the Appalachian region are associated with lower 
tractor purchases according to the five equations of Table 
6,15. 
Equation 3 of Table 6,15 defines tractor purchases in 
the Appalachian region as a function of farmers' liabilities, 
lagged crop production per acre, machine prices and govern­
ment payments to farmers and the dummy variable for better 
than average weather. 
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Neither the level nor the percentage change in cash 
receipts is shorn to have a very profound effect on farm 
tractor purchases in the Appalachian region. The general 
trend in cash receipts in the Appalachian region has been 
downward since about 19^ 6. This being the case, small 
increases in cash receipts are probably viewed as temporary 
by both purchasers and creditors. Permanent increases in 
cash receipts may be necessary to generate increased machinery 
purchases in an area of traditionally low farm incomes. 
According to the sign of the regression coefficient for 
the crop production per acre variable, farmers in the Appala­
chian region tend to expand tractor purchases during years 
immediately following periods of high crop productivity. 
Expanding tractor stocks during periods following increases 
in crop productivity does not seem consistent with the basic 
dictates of supply and demand for agricultural products. The 
inelasticity of the demand for farm products implies that 
larger supplies of farm products yield lower gross cash 
receipts. Increasing tractor purchases as crop production 
per acre increases can be justified only if crop production 
per acre in the Appalachian region expands when the major 
agricultural regions are experiencing reduced productivity. 
Model 2R for new tractor purchases in the Southeast 
regions includes many more relationships than Model IR. 
Approximately 97 percent of the variation in new tractor 
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purchases in the 
(Model 2R) It^  = 
PaPPp/PFLt+PyMP/LWRt+PgCR+PgDi-PioDg 
Southeast is explained by the ten variables in Equation 2 of 
Table 6,16. Only the dummy variables for weather are insig­
nificant at the a = .05 level in Equation 2. The variable 
for better than average weather, is significant at the 
a = .10 level. 
The weighted income variable was found to be significant 
only in the Southeast when new tractor purchases are con-
LL 
sidered. The significance of the weighted income variable 
suggests that the impact of income on tractor purchases is 
not instantaneous. According to Equation 2 of Table 6.16, 
farmers in the Southeast do not automatically buy new tractors 
when current or one year lagged cash receipts are high 
relative to other years. Farm incomes apparently must 
demonstrate a consistent upward trend before tractor purchase 
patterns are altered in the Southeast. Interestingly, the 
Southeast is one of the few regions of the U. S. where the 
real value farm incomes have increased since 19^ 6. 
Il 
The weighting scheme used to derive the weighted 
income variable is: 
wCR=3Y^ +2Y^ _2+Yj._2/^  where Y^ =cash receipts in period t. 
Table 6.16. Investment functions for annual Investment in new farm 
tractors from annual data 1946-63; coefficients, standard 
errors (in parenthesis) and related statisticsab 
Southeast 
Equation and 
transformation Xj^g X?]^ X27 X37 
Dep. 2 PR PR Fa CP/A PPp 
Reg. 6 Var. R Constant t t-1 t t 
1-0 1 .91 -355.00 -4.74 
(4.34) 
2-L 1 .97 54.31 -27.53* 
(4.58) 
-6.53* 
(2.30) 
-18.14* 
(5.99) 
3-0 1 .91 -31.24 .02* 
(.007) 
-.10 
(.10) 
4-L 1 .94 26.92 8.96 
(3.99) 
-11.03* 
(4.55) 
-14.07 
(7.74) 
5-L 1 .95 -1.90 
^Dependent variable id discussed in the text. 
^Variable numbers correspond to numbered variable list at the end of 
chapter 5. 
^Equations denoted -0 are in terms of original data; -L are in terms 
of a logarithmic transformation. 
*Significant at the « = .05 level. 
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X X,, X,, X,, X„ X„ Xr„ X, 38 9^ Mpt^ R PPp^ F^L MP^ éwR GF %A§§ %A8& 
t-1 t t-1 
9.97* 932.77 10.23* 
(3.07) (799.74) (4.06) 
14.87* -23.85* 20.51* 25.15* 21.10* 
(4.35) (3.84) (8.18) (3.81) (6.33) 
11.62* -.18 
(4.06) (.13) 
21.86 2,97* -25.54* 27.08 
(11.47) (1.21) (11.05)(12.76) 
1.77* -.48* .99* 4.94 
(.23) (.13) (4.74) (4.92) 
22k 
Table 6.16 (con't) 
Equation and 
transformation X54 X55 Xgy X59 X74 
Dep. ts/F Di D2 PRC PRL PRL/PRC 
Reg. 6 Var. t-1 t t t-1 
-.33* 3.71 
(.12) (3.29) 
2095.39 -979.39 
(1152.00)(1152.00) 
.47 188.76* 
(1.80) (74.75) 
2717.07* -3.60 
(1091.21) (2.43) 
884.06* 3.94* 
(589.60) (.80) 
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Prices paid by farmers for production inputs are related 
negatively to tractor purchases in the Southeast, The nega­
tive relationship suggests that higher prices for production 
inputs, other influences constant, are associated with 
increased use of nonpurchased farm inputs such as family 
labor. Farm labor is relatively plentiful in the Southeast, 
New farm tractor purchases may increase by as much as 
l4 per cent with a one percent increase in average farm size 
in the Southeast according to Equation 2. While these 
percentage increases are large, it must be remembered that 
the Southeast, at present, accounts for only about 5 per cent 
of total U. S. tractor purchases, A small absolute increase 
in tractor purchases in the Southeast may result in large 
percentage increases in tractor purchases. The direct 
relationship between farm size and tractor purchases in the 
Southeast implied by Model 2R is the opposite of that found 
in the national investigations. Larger farms and higher 
tractor purchases may suggest that the previous size of farms 
in the Southeast was not adequate to allow optimal allocation 
of resources. The previous land base for the average farmer 
in the Southeast perhaps did not allow realization of 
economies of large scale operation. Large farms are needed 
to provide an adequate land base for the employment of larger 
capacity, more efficient machines. The demand for power 
items increases as machine utilization potential is 
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recognized. Larger farms do not insure increased purchases 
of power items in all regions of the TJ, S. If they did, 
average farm size in the national analysis would have had a 
positive influence on tractor purchases rather than the 
negative influence observed. 
Farmers leaving agriculture in the Southeast evidently 
are not responsible for a very large proportion of total 
tractor purchases in that region. Only farmers remaining on 
the farms are able to generate effective increases in farm 
power demand. Continued increases in tractor purchases in 
the Southeast may depend upon the reorganization of the 
productive processes around a larger land base according to 
the results of Equation 2 of Table 6.16. 
Cash receipts are not very useful in explaining annual 
variation in farm tractor purchases in the Delta States 
either. Equation 4 is the only equation in Table 6.17 which 
includes cash receipts as an explanatory variable. It is not 
unusual that cash receipts are not more important in the 
Delta States. For even though the trend in cash receipts 
has been positive since 19^ 6, the absolute level of cash 
receipts is low. 
Farmers' liabilities, government payments to farmers 
and the ratio MP/LWR are the most consistently significant 
variables affecting tractor purchases in the Delta States. 
The reasoning presented for the influence of farmers' 
Table 6.17, Investment functions for annual investment in new farm 
tractors from annual data 1946-63; coefficients, standard 
errors (in parenthesis) and related statistics* b 
Delta states 
Equation and 
transformation X12 ^20 ^22 *29 
Dep. 2 CR L CP/A PFL MP MP/LWR 
Reg. 7 Var, R Constant t-1 t-1 t t t 
1-L 1 .95 3.21 .89* 
(.18) 
2-L 1 .89 2.93 -. 68* 
(.18) 
.24 
(.88) 
1.35* 
(.21) 
3-L 1 .93 2.63 -.69 
(.15) 
.45 
(.77) 
1.40* 
(.18) 
4-L 1 .92 3.24 .17 -.66* 
(.61) (.15) 
1.45* 
(.16) 
5-L 1 .92 3.55 -.59* 
(.17) 
.14 
(.31) 
1.46* 
(.14) 
6-L 1 .88 .62 -1.04* 
(.21) 
.47 
(.98) 
1.56* 
(.27) 
7-L 1 .89 1.67 -.90* 
(.23) 
-.32 
(.38) 
1.65* 
(.20 
^Dependent variable is discussed in the text. 
^Variable numbers correspond to numbered variable list at the end 
of chapter 5. 
'^Equations denoted -0 are in terms of original data; -L are in terms 
of a logarithmic transformation. 
•Significant at the ® = .05 level. 
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5^6 
GP 
t 
5^7 *58 
GP 7J)CR 
t-1 t 
- 5 9  
7J)CR 
t-1 
*64 
D1 
*67 
PRC 
t 
*69 
PRL 
t 
*70 
PRL 
t-1 
.19 -6.97* -2.55 55.36 
(.12) (2.54) (2.18) (313.12) 
-.30* -.81 
(.08) (1.78) 
-.37* -,86 -641.11* 
(.07) (1.54) (285.95) 
-.34* -1.03 -583.81 
(.10) (1.80) (318.24) 
-36* -625.15* 
(.07) (276.76) 
-.49* -1.10 -979.58* 
(.09) (1.92) (368.62) 
-.49* -991.65* 
(.09) (351.06) 
-1.22* -.76 .98* 
(.33) (.64) (.41) 
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liabilities and government payments to farmers on new tractor 
purchases in the Southeast and Appalachian regions applies 
equally well to the Delta States. 
Better than average weather experienced during the 
previous production period is shown to influence farmers' 
decision to purchase new tractors in the Delta States, But 
the negative influence for better than average weather in 
Equations 3j 5» 6 and 7 is not easy to explain unless 
farmers restrict purchases of tractors during periods fol­
lowing observed good weather because they expect poorer 
weather during the pay back period. Farmers in the Southern 
Plains and Mountain regions react the same way as farmers in 
the Delta States to favorable weather periods. 
The price elasticity of the demand for new farm tractors 
in the Delta States is about 1.5 according to Equations 6 and 
7 of Table 6,17. The price elasticity of demand for tractors 
in the Delta States is low relative to the Appalachian region 
but high relative to the Corn Belt and Northern Plains 
regions. 
Farm tractor purchases in the Southern Plains are 
explained by considering lagged cash receipts from both 
crops and livestock, current prices received for all farm 
produce, farmers' liabilities, machine prices, the interest 
rate on farm mortgages, government payments, tractors per 
farm and weather according to Equation 1 of Table 6.18. 
Table 6.18. Investment functions for annual investment in new farm 
tractors from annual data 1946-63; coefficients, standard 
errors (in parenthesis) and related statistics*" 
Southern Plains 
Equation and 
transformation X^2 ^14 ^16 ^17 ^20 
Dep. 2 Œ, CRL CRC PR L 
Reg. 8 Var. R Constant t-1 t-1 t-1 t 
1-L 1 .98 -.63 -.17 .002 -.43 -.86* 
(.22) (.17) (.24) (.27) 
2-0 1 .96 68.88 .78* -.01* 
(.24) (.003) 
3-0 1 .96 70.75 .72* -.01* 
(.20) (.002) 
4-1 50 .91 8.54 -.90* 
(.24) 
5-L 50 .92 4.68 .29 -1.19* 
(.31) (.21) 
6-L 50 .91 5.08 -1.36* 
(.21) 
7-L 1 .93 10.32 -.73* 
(.24) 
8-0 1 .96 70.74 .64* -.01* 
(.20) (.003) 
9-L 1 .90 
10-L 1 .94 .05 .81* 
(.30) 
^Dependent variable id discussed in the text. 
^Variable numbers correspond to numbered variable list at the end 
of chapter 5. 
^Equations denoted -0 are in terms of original data; -L are in 
terms of a logarithmic transformation. 
•Significant at the ® = .05 level. 
231 
% 
t-l 
*26 
aS 
t-l t 
X29 
PFL 
t 
3^1 
MP 
t 
X42 
PPp/PFL 
t 
MP/mR 
t 
gI' 
t 
1.14* 5.87* 
(.16) (1.85) 
-.03 -.55 .09* 
(.04) (.10) (.02) 
-.61* 9.14* 
(.09) (1.90) 
-2.10* 1.09* -.20* 
(.88) (.20) (.04) 
.77* -.13* 
(.15) (.05) 
.31 .79* -.16* 
(.24) (.16) (.05) 
-4.24* 1.01* -.13* 
(.78) (.19) (.04) 
-.55* .09* -.02 
(.08) (.02) (.01) 
3.37* -4.62* 5.67* .79* 
(1.25) (.96) (1.22) (.28) 
3.70* -4.37* 4.62* .84* 
(1.02) (.78) (1.06) (.23) 
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Table 6.18, (Continued) 
Equation and 
transformation X57 X59 Xgi X72. 
Dep. GP %DCR tS/F MP/PR 
Reg. 8 Var. t-1 t-1 t-1 t-1 
1-L 1 -.18* -1.93* 940.91* 
(.06) (.25) (377.08) 
2-0 1 -.01 -.06 
(.02) (.05) 
3-0 1 -.004 -.06 
(.01) (.04) 
4-L 50 1.27 
(1.15) 
5-L 50 1.61 -800.52* 
(1.20) (328.93) 
6-L 50 -892.54* 
(347.46) 
7-L 1 .22 
(1.08) 
8-0 1 -.06 
(.04) 
9-L 
10-L 1 
( .17)  
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Cash receipts from livestock and crops, when used as 
separate variables as in Equation 1, were not found to be 
significant influences on tractor purchases. Current product 
prices were also found to be of little use in explaining 
tractor purchases in the Southern Plains, 
The income elasticity of demand for tractors in the 
Southern Plains, derived from Equation 2 of Table 6.18, is 
1.19; the same as for the Northeast region. A one percent 
increase in farm incomes in the Southern Plains is associated 
with a 1.19 percent increase in tractor purchases. The 
recent increase in tractor purchases in the Southern Plains 
may result from the fact that the trend in farm incomes in 
the Southern Plains has been generally positive in recent 
years. 
Lower farm tractor purchases are associated with higher 
prices paid for consumer goods in Equation 2 of Table 6.18. 
A one percent increase in the price of family living items 
is associated with a 3 or 4 percent decrease in tractor 
purchases in the Southern Plains, other things equal, 
according to Equation 2. 
The price elasticity of the demand for tractors in the 
Southern Plains is .77, which is lower than the price elas­
ticity of tractor demand in other regions in the southern 
part of the nation. The demand for new farm tractors in the 
Southern Plains is price inelastic. 
23^ 
Farmers in the Mountain states base their decisions to 
purchase new farm tractors on the level of prices received 
for all farm products in the region, the level of their 
financial assets, lagged tractor stocks on farms, the ratio 
MP/LWR, the lagged percentage change in cash receipts and 
weather, according to Equation 3 of Table 6,19. Basing 
investment decisions on the current product price level, plus 
other variables, necessitates formulation of expected output 
levels. The negative influence of financial assets at the 
beginning of the year shown in Equation 3 is difficult to 
explain. Theory suggests that larger amounts of liquid 
financial assets should stimulate investment in farm power 
items, ceterus paribus. 
Equation 3 of Table 6,19 suggests that product prices 
are related positively to tractor purchases in the Mountain 
States, Evidently farmers in the Mountain States do not 
anticipate lower future incomes when observed product prices 
are high. The idea that farmers in the Mountain states 
expect past price conditions to persist into the future is 
supported by the positive sign of'the variable reflecting 
lagged tractor stocks per farm in Equation h. 
The lagged percentage change in cash receipts enters 
Equation 2 with a positive sign and is significant at the 
a = .10 level. The real value of cash receipts in the 
Mountain states has increased gradually but not continuously 
Table 6.19. Investment functions for annual investment in new farm 
tractors from annual data 1946-63; coefficients, standard 
errors (in parenthesis) and related statistics* & 
Mountain 
Equation and 
transformation Xj^y Xj^g X21 
Dep. 2 CRL CRC PR Fa CP/A 
Reg. 9 Var. R Constant t-1 t-1 t t 
1-0 1 .99 
2-0 50 .96 
3-0 50 .95 
4-0 1 .93 
18.88 2.95* -3.51 
(.61) (1.46) 
12.05 
10.55 
40.56 
-.90* 1.33* 
(.12) (.30) 
.004* -.26* 
(.001) (.05) 
.004* -.22* 
(.001) (.04) 
.009* -.82* 
(.004) (.17) 
dependent variable is discussed in the text. 
^Variable numbers correspond to numbered variable list at the end 
of chapter 5. 
'^Equations denoted -0 are in terms of original data; -L are in 
terms of a logarithmic transformation. 
•Significant at ® = .05 level. 
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*24 
ts 
t 
PPPTPFL MP/LÔR 
t t 
GF 
t-1 t-1 t-1 
PPPJIFL 
t-1 
.13* -116.45 33.09* -.27* -13.56* 4.35 -476.39* 
(.05) (126.53) (3.47) (.04) (2.56) (2.56) (83.64) 
.03* 8.42* .02 -2.90* -(1.43) 
(.01) (1.19) - (.01) (.74) (.87) 
.02 7.37* .03* -2.28* 
(.01) (1.09) (.01) (.69) 
23.24* .08 18.91* -7.25* 
(3.31) (.04) (6.76) (2.18) 
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Table 6.19. (Continued) 
Equation and ^ 
transformation X73 
Dep. mp/lwr prl/prc 
Reg. 9 Var. t-1 t-1 
1-0 1 9.89* 
(1.90) 
2-0 50 38.16* 
(12.95) 
3-0 50 32,99* 
(13.60) 
4-0 1 73.60 
(41.32) 
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since 19^6. Greater positive percentage changes in cash 
receipts may be expected to stimulate purchases of new 
tractors in the Mountain region. 
In general, the relationships explaining farm tractor 
purchases in the Pacific region are the same as for the 
Corn Belt and Northern Plains region. Sign inconsistencies 
among the variables in Equation 1 of Table 6,20 probably 
result from the inclusion of highly interrelated explanatory 
variables in the equation. The results obtained from the 
system portrayed by Equations 2 and 3 are more useful than 
those of Equation 1 because the signs of the variables are 
more consistent with theory than in the former equation. 
Observed increases in lagged values of the index of 
prices received for agricultural products are associated with 
lower tractor purchases in the Pacific region in Equations 2 
and 3 of Table 6.20. Higher product prices in period t-1 
may generate uncertainty with respect to present and future 
product price levels. Farmers operating under product price 
uncertainty tend to be conservative in their investment 
activities. 
If large stocks of financial assets in the. hands of 
farmers at the beginning of the production period enable 
farmers to take advantage of newly introduced technologies 
rapidly, the inclusion of a financial assests variable in the 
investment function is justified. Farmers with large amounts 
Table 6.20. Investment functions for annual investment in /new farm 
tractors from annual data 1946-63; Coefficients, standard 
errors (in parenthesis) and related statistics®® 
Pacific 
Equation and 
transformation Xj^y *19 *20 *22 
Dep. 2 PR PR Fa L CP/A 
Reg. 10 Var. R Constant t t-1 t-1 
1-L 50 00
 
w
 
-6.78 
2-0 50 .97 -13.78 
3-L 50 .96 .54 
4-0 1 00
 
118.79 
3.20* 
( .61) 
1.61* 
(.53) 
-.004* 
(.001) 
-1.80* 
(.67) 
.24* 
(.07) 
4.03* 
(1.00) 
.002 -1.14* 
(.005) (.28) 
^Dependent variable is discussed in the text. 
^Variable numbers correspond to numbered variable list at the end of 
chapter 5. 
'Equations denoted -0 are in terms of original data; -L are in terms 
of logarithmic transformation. 
•Significant at the @ = .05 level. 
2h0 
X27 X31 X41 X44 X55 X56 X59 X51 X64 
PPp MP MP/PR MP/LWR GP %DCR ts/F Di 
t t t t t t-1 t-1 
-2.85* 
(. 79 
1.11* 
(.32) 
.17* 
(.04) 
1.35 
(1.08) 
.37 
(.18) 
-2.47* 
(1.07) 
-.35* 
(.07) 
.001 
(.02) 
1.25 
(1.42) 
-8.73* 
(2.38) 
-1.30* 
(.20) 
.43 
(.70) 
320.22 
(305.66) 
.79 
(3.04) 
2 -^1 
Table 6,20. continued 
Equation and 
transformation 
Dep. 
Reg. 10 Var. 
X71 X74 
MP/PR PRC/PRC 
t-1 t-1 
1-L 
2-0 
3-L 
4-0 
50 
50 
50 
1 
.14 
(.29) 
119.63* 
(16.43) 
1.80* 
(.38) 
2k2 
of liquid assets may have restricted purchases in the 
previous period because their expectations of the future 
were poor. If climatic and economic expectations are more 
favorable in the current period than in the past, farmers 
may purchase power items to satisfy both current and latent 
demands. 
Equations 2 and 3 of Table 6.20 differ only in that 
Equation 3 was run on a logarithmic transformation of all 
data except percentage change in cash receipts. Equation 2 
was run on original data. The results obtained from Equation 
3 do not suggest that a nonlinear model would yield a more 
complete explanation of the annual variation in tractor 
purchases in the Pacific region than the linear models used. 
The results of regional investigations of the demand for 
new farm tractors presented in Tables 6.11 through 6.20 show 
that no single explanation of tractor purchases is applicable 
to all regions. Several individual variables or relation­
ships are found to be significant influences on farmers' 
investment in power items in each region. All potential 
purchasers of farm tractors seem to consider machine prices 
and the relationship of machine prices to the prices of other 
inputs such as farm labor. Factor-product price ratios are 
helpful in explaining tractor purchases in most regions. 
Cash receipts and/or prices received for farm products are 
important determinants of investment in tractors in all 
2^3 
regions except the Southeast and Delta States, Farmers' 
liabilities are an important influence on tractor purchases 
in the south in that they serve as a basis upon which 
creditors may determine the desirability of extending credit 
for the purchase of power items. 
Dummy variables reflecting better or poorer than average 
weather were found to be significant in demand functions for 
tractors in the south and west. The results of investigations 
using the weather variables suggest the desirability of 
further studies of factor demands in agriculture including 
seasonal weather influences. 
Any of the several investment functions presented for 
each of the ten production regions may be used to explain 
annual fluctuations in tractor purchases. The availability 
of data and the researcher's understanding of the practical 
aspects of farmers' investment decisions should dictate the 
selection of the most appropriate investment function in each 
region. 
Farm motor truck purchases 
The results of regional analyses of the annual invest­
ment in farm motor trucks are presented in Tables 6,21 
through 6,24, Many of the variables found significant in 
explaining regional tractor purchases were also found to be 
important determinants of investment in farm trucks. The 
2¥f 
direction of the influence of variables in investment 
functions for farm trucks is not discussed in detail if the 
influence is the same as that already explained in Part 1 or 
the section dealing with regional tractor purchases. Regional 
differences and similarities in investment functions for farm 
trucks are pointed out when relevant differences are observed. 
New farm truck purchases in most regions of the United 
States were found to be a function of the index of prices 
received for all farm products, prices paid for production 
items and factor-factor, product-product and factor-product 
price ratios. The percentage change in cash receipts is 
shown to be a significant influence on farm truck purchases 
in several regions. The dummy variable reflecting better 
than average weather also seems useful in explaining annual 
variation in regional truck purchases. 
While Model 3R specifically represents an investment 
function for new farm trucks in the Northeast, it also 
includes many of the relationships found to be useful in 
explaining truck purchases in other production regions. 
Model 3R is a symbolic expression of Equation 1 of Table 6,-21, 
(Model 3R) Ift=Po"'PlPBt-l+P2F*t-P3PPPt-l+PltPPP/PFLt'' 
P2MP/LWRt-P6#DCBt-Py2DCRt_i+P8Dl+P9PBL/PBCt-l 
The ratio MP/LWR is related negatively to truck purchases 
in the Northeast according to Equation 1 of Table 6.21. 
Table 6.21. Investment functions for annual investment in new farm 
trucks from annual data 1946-63; coefficients, standard 
errors (in parenthesis) and related statistics*^ 
Northeast 
Equation and 
transformation X%g X22 X27 X33 
Dep. 2 CR PR Fa CP/A PPp PRL/PRC 
Reg. 1 Var. R Constant t t-1 t-1 t t 
1-L 51 .97 1.56 -1.21 5.84* -3.86* 
(.67) (1.29) (1.29) 
2-L 51 .97 2.10 -1.17* 
(.49) 
3-L 51 .96 -1.58 
4-0 51 .97 118.58 -.21 128.78* 
(.10) (15.38) 
5-0 2 .95 375.75 .74 -.40 342.04* 
(1.57) (.36) (53.54) 
dependent variable is explained in the text. 
^Variable numbers correspond to numbered variable list at the end of 
chapter 5. 
^^Equations denoted -0 are original data; -L are in terms of a loga­
rithmic transformation. 
*Significant at the ® = .05 level. 
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^36 ^2 ^44 ^46 
LP PPp/PFL MP/LWR GPDI 
t t t 
X47 X43 X49 X57 
PCPR Si LBR GP 
t-1 
1.58 -1.14* 
(1.89) (.36) 
-.13 .09* 
(.08) (.04) 
-.19* .10* 
(.09) (.04) 
,79* -69.01* 4.87* -30.94* 9.57* 
(.14) (9.58) (1.08) (5.03) (3.78) 
2.33* -187.78* 14.17* -82.99* 3.58 
(.60) (33.36) (3.83) (18.96) (17.84) 
2^-7 
Table 6.21 (con't) 
Equation and 
transformation ^ Xtg Xcg X,, X_, 
Dep. %DCR %DCR Di PRl/PRC 
Reg. 1 Var. t t-1 t-1 
1-L 51 -15.64* -8.27* 1386.27* 2.57* 
(4.35) (3.43) (405.60) (.56) 
2-L 51 - .18 -6.94* 426.40* 2.34* 
(2.22) (2.54) (177.13) (.22) 
3-L 51 2.11 -7.55* 338.96 2.02* 
(2.38) (3.02) (206.38) (.12) 
4-0 51 -5.36* 
(1.29) 
5-0 2 -12.60* 
(4.49) 
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There are at least two possible explanations for the negative 
sign observed for the ratio MP/LWR in Table 6,21, First, 
machine prices are highly correlated with motor vehicle 
prices. Trucks may be purchased to add convenience to 
routine farm chores and to aid in transportation of farm 
produce to market. High truck prices, reflected by the 
proxy variable machine prices, relative to farm labor costs 
may force farmers to sacrifice convenience and increase the 
amount of labor used. Second, as machine prices increase 
relative to the farm labor wage rate, a larger proportion of 
a farmer's capital is required to maintain and/or expand his 
stock of essential production inputs. Given a fixed budget 
constraint, truck purchases must decrease as machine prices 
increase relative to the farm labor wage assuming tastes 
unchanged. Table 6,11 shows tractor purchases to be expanded 
in the Northeast region as machine prices increased relative 
to the price of farm labor. Farm labor in the Northeast is 
evidently a better substitute for the services of farm trucks 
than the services of farm tractors as suggested by the sign 
of MP/LWR in Tables 6.21 and 6,11. 
The variable reflecting government payments to farmers 
is significant in Equations 1, 2 and 3 of Table 6,21, An 
increase of one percent in government payments to farmers in 
the Northeast is associated with only a .24 percent increase 
in farm truck purchases. The arguments relating to the 
2^-9 
desire for supplemental incomes and commercial trucking 
presented in Part I of this chapter may apply to the North­
east region. However, the negative influence of the percent­
age change in cash receipts in Equation 1 does not suggest 
that farm truck purchases increase as cash receipts from 
farming decrease. Purchases of new farm trucks in the 
Northeast have declined absolutely since about 1950. The 
hypothesis that truck purchases in the Northeast increase to 
supply a means of earning supplemental farm incomes is 
rejected. 
Equations 4 and 5 of Table 6.21 include three non-
agricultural variables which appear to affect farm truck 
purchases in the Northeast. Two of the three variables, the 
level of gross private domestic investment and interest 
rate on prime commercial paper, were found to be useful in 
explaining total U. S. farm truck purchases also. Farmers 
often finance truck purchases with intermediate type loans. 
Higher interest rates on intermediate loans may depress truck 
purchases. The interest rate on intermediate loans is the 
third nonagricultural variable considered. The three non-
agricultural variables are found to be useful in explaining 
truck purchases in the Northeast, Corn Belt, Northern Plains, 
Southeast and Southern Plains regions. 
Equations 1, 2 and of Table 6.22 explain about 99 
percent of the annual variation in new farm truck purchases 
Table 6,22, Investment functions for annual investment in new farm trucks 
from annual data 1946-63: coefficients, standard errors (in 
parenthesis) and related statistics 
Lake States 
Equation and 
transformation *12 *17 *18 *19 
Dep, 2 CR CR PR PR Fa 
Reg, Var. R Constant t t-1 t t-1 
1-0 2 .99 -22.06 -.05* 
(.003) 
2-0 2 .99 -33.24 -.03* 
(.006) 
3-L 2 .92 -7.27 -3.23* 
(.59) 
4-0 2 .99 60.77 -4.37* 
(.88) 
5-L 2 ,86 9.27 -3.33* 
(.90) 
6-L 51 .89 -8.17 -2.09* 
(.41) 
^Dependent variable is explained in the text, 
^Variable numbers correspond to numbered variable list at the end 
of chapter 5, 
^Equations denoted -0 are original data; -L are in terms of log­
arithmic transformation. 
^Significant at the a = ,05 level. 
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*21 *22 *26 *27 *28 *33 *35 *40 *41 
CP/A CP/A aS PPp PPp PRL/PRC LP APF MP/PR 
t t-1 t-1 t t-1 t t t 
-.06 .39 
(.15) (.18) 
1.93 
(1.42) 
-2.57* 
(.46) 
-1.98 
(4.14) 
-3.75* 
(1.60) 
-4.24* 
(1.03) 
362.37* 
(61.06) 
1.01* 
(.32) 
.82 
(.91) 
5.66* 
(2.18) 
-924.02 
(371.78) 
-2.54* 
(.61) 
46.79 
(336.21) 
5.54* 
(1.30) 
2.71* 
(.68) 
—4.00* 
(.84) 
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Table 6,22 (continued) 
Equation and 
transformation 
Dep. PPpt?FL MP^^Pp MP%WR *55 cF 7.D§§ 
Reg. 2 Var. t t t t-1 t t-1 
1-0 2 117.86 7.81* -.10* .17* -.30* 
(62.31) (.94) (.01) (.05) (.03) 
2-0 2 -497.32* 
(217.79) 
-15.92 
(5.40) 
94.46* 
(28.77) 
3.24* 
(.86) 
3-L 2 3.67* 
(1.50) 
2.49* 
(.63) 
4-0 2 -8.80* 
(2.24) 
36.39* 
(10.91) 
-.55* 
(.18) 
5-L 2 .43* 
(.12) 
.07 
(.03) 
.81* 
(.59) 
-4.28 
(2.31) 
6-L 51 1.58 
(1.15) 
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Table 6,22, (continued) 
Equation and 
transformation Xgy X^q Xyj^ X72 
Dep, Dg PRC PRL MP/PR PPp/PRC 
Reg, 2 Var, t t-1 t-1 t-1 
1-0 
2-0 
3-L 
4-0 
5-L 
6-L 
2 
2 
2 
2 
2 
51 
,45 
(.53) 
640,66* 
(202,39) 
-3,10* 
(.68) 
,22 
(.29) 
7,30* 
(.31) 
1308,33* 
(420,70) 
,51* 
( .16) 
333,45 
(135,19) 
1,51 
(.96) 
1,61 
(.76) 
2$1+ 
Table 6,22. (continued) 
Equation and 
transformation X73 X74 
Dep. MP/LWR PRL/PRC 
Reg. 2 Var. t-1 t-1 
1-0 
2-0 
3-L 
4-0 
5-L 
6-L 
2 
2 
2 
2 
2 
51 
-43,26* 
(11.48) 
-9,83* 
(1.98) 
-,64* 
(.18) 
216,91* 
(14.87) 
-63,67 
(29,84) 
2,90* 
(.54) 
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in the Lake States. New truck purchases have increased in 
the Lake States even though cash receipts have fallen since 
1946. In fact, farmers in the Lake States have, on the 
average, increased truck purchases by about 3 percent for 
each one percent decline in cash receipts according to 
Equation 3 of Table 6.22. However, permanent increases in 
cash receipts could generate additional truck purchases as 
implied by positive sign of the weighted income variable 
in Equation 2, A net increase in cash receipts in the Lake 
States in any single year is evidently veiwed as a tempoary 
phenomenon and does not stimulate truck purchases. 
Farmers, observing increases in lagged values of the 
ratio MP/PR, may hope for a more favorable factor-product 
price ratio in the current period. More farm trucks would be 
purchased in the current period if lagged MP/PR were the only 
relationship considered and if that value were increasing 
according to Equation 2 of Table 6.22. 
The ratio of machine prices to the farm labor wage rate 
is shown to be related positively to truck purchases in the 
Lake States. The opposite relationship was observed for the 
Northeast region. Trucks may be a more important input in 
the Lake States than in the Northeast region. 
Only cash receipts or income variables and product-
product price ratios are included in Equation 5 of Table 
6.22. Approximately 86 percent of the variation in truck 
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purchases in the Lake States is explained by product prices, 
government payments to the farmers and the current and lagged 
percentage change in cash receipts according to Equation 5. 
Farm truck purchases in the Corn Belt are explained by 
the first three equations presented in Table 6.23. Purchases 
of new trucks by Corn Belt farmers are determined by cash 
receipts, lagged auto stocks on farms, prices of production 
items, farm size and a number of factor-factor and factor-
product price ratios according to Equation 1.3 of Table 6,23. 
The demand for farm trucks in the Corn Belt is income 
elastic according to the elasticity derived from Equation 1.3. 
A one percent increase in farm income in the Corn Belt is 
associated with about a 3 percent increase in farm truck 
purchases. Corn Belt farmers seem to respond to increases in 
income by expanding their investment in farm trucks as well 
as in farm tractors. 
Farm trucks appear to be a much less essential produc­
tion input than farm tractors in the Corn Belt according to 
the sign of the variable reflecting the influence of prices 
paid for production inputs in Equation 1.3 of Table 6.23. It 
will be remembered that increases in the prices paid for 
production inputs were associated with increased purchases of 
farm tractors in the Corn Belt. 
As farm size increases the demand for operators' labor 
increases, suggesting that convenience of operation may 
Table 6,23. Investment functions for annual investment in new farm trucks 
from annual data 1946-63; coefficients, standard errors (in 
parenthesis) and related statistics 
Corn Belt, Northern Plains, Southeast Delta States 
Equation and 
transformation^ Xn X12 X17 X19 X20 X21 
Dep. 2 CR CR ^ RR Fa L CP/A 
Var, R Constant t t-1 t t 
1.3-L 51 .90 23.41 3.52* 
(.88) 
2,3-L 51 ,92 4.84 3.73* 
(.86) 
3.3-L 51 ,90 - 2.28 
4.4-0 51 .93 -50.52 
5.4-0 51 .96 -45.78 
6.6-L 51 .95 6.35 
7.6-L 51 ,86 5.43 
8.7-0 2 .76 -17.79 
9.7-L 51 .97 .54 
10.7-L 51 .80 5.13 
.76* -.02* 
(.19) (.003) 
.49* -.02* 
(.13) (.002) 
-5.90* -.65 
(1.55) (.78) 
-4.30* .08 
(.60) (.47) 
-.72 -.41* 
(.82) (.17) 
^Dependent variable is discussed in the text. 
^Variable numbers correspond to numbered variable list at the end of 
chapter 5. 
^The first number is the equation number; the second denotes the region. 
The letters 0 and L refer to original data and logarithmic transformation 
respectively, 
•Significant at the a = .05 level. 
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*22 *26 
CP/A aS 
t-1 t-1 
*27 *28 
PPp PPp 
t t-1 
*29 *33 
PFL PRL/PRC 
t t 
*35 *36 
LP LP 
t t-1 
*37 *38 
-5.78* -2.70 
(2.10) (1.99) 
.95* 2.64* 1.27* 
(.40) (.35) (.34) 
1.13* 3.00* .27 
(.22) (.62) (.31) 
.29 -.27* 
(.26) (.11) 
-.68* .06 
(.24) (.10) 
-5.43* 
(2.03) 
.11 1.16* 1.99* 
(.43) (.27) (.49) 
-13.93* -.52 3.50 
(4.84) (2.07) (4.09) 
.86 
(1.04) 
-.96 
(.78) 
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Table 6.23-. (Continued) 
Equation and ^ 
transformation X40 X^i Xa2 X&4 X^y X^ 
Dep. APF MP/PR PPp/PFL MP/LWR GPDI PCPR Si 
Var. t t t 
1.3-L 51 1.24 -1.93* 3.29* 1.87* 
(1.55) (.40) (1.72) (.45) 
2.3-L 51 -.07 .23 -3.94* 
(.23) (.14) (1.58) 
3.3-L 51 
4.4-0 51 -.78 6.72 2.72* 
(1.76) (5.85) (.79) 
5.4-0 51 1.16 10.59* 2.17* 
(1.03) (4.59) (.61) 
6.6-L 51 5.41* -6.45* 3.27 6.46* 
(1.48) (1.30) (2.78) (1.29) 
7.6-L 51 -.54 .28 -4.90* 
(.29) (.16) (1.94) 
8.7-0 2 1965.77* .08 
(817.19) (4.59) 
9.9-L 51 1.57* -4.42* -2.27 4.30* 
(.49) (.56) (1.40) (.53) 
10.7-L 51 .67* 
(.22) 
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Table 6.23. (Continued) 
Equation and 
transformation X49 X55 X57 X59 X^^ X^g 
Dep. LBR GF 7J)CR D2 
Var. t-1 t-1 
1.3-L 51 
2.3-1 51 4.38* 
(1.61) 
3.3-L 51 
4.4-0 51 .69* 
(.19) 
5.4-0 51 .98* 
(.14) 
6.6-L 51 3.39 
(2.15) 
7.6-L 51 -4.76* 
(1.80) 
8.7-0 2 
9.9-1 51 1.82* 
(.58) 
10.7-1 51 
-120.70 
(316.28) 
-.14* 
(.03) 
-.14* 
( .02) 
657.89 615.93 
(377.12) (390.91) 
-269.69 
(289.00) 
300.67 976.25* 
(229.98) (317.47) 
-.28* 6.01* 
(.11) (2.54) 
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Table 6.23. (Continued) 
Equation and 
transformation X57 Xgg X72 X74 
Dep. PRC PRL MP/PR PPp/PFL PRL/PRC 
Var. t t t-1 t-1 t-1 
-.15 
(.20) 
5.4-0 51 
6.6-L 51 
7.6-L 51 
8.7-0 2 -.55* 6.18* 
(.16) (2.65) 
9.9-L 51 
10.7-L 
1.3-L 
2.3-L 
3.3-L 
51 
51 
51 
-.47* 
(.19) 
-2.69* 
(.76) 
-.01 
(.91) 
•4.46* 
(.99) 
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become a major factor in the decision to purchase new trucks 
as farm size increases. The operator labor saved by the use 
of farm trucks in routine feeding and transport operations 
may be used to till and manage a larger land base. 
Farm trucks are used extensively for transporting 
cereal crops to central grain terminals in the Northern 
Plains region. The combination of farm and nonfarm variables 
included in Equation 4-.4- of Table 6.23 explains about 93 
percent of the annual variation in farm truck purchases in 
the Northern Plains states. 
The levels of farmers' financial assets and farmers' 
liabilities are shown to be important determinants of trucks 
purchases in the Northern Plains by Equations 4^.4 and 5»^ of 
Table 6.23. The weighted income variable is also a useful 
variable in the demand functions for trucks presented for the 
Northern Plains region. 
Although the coefficients of determination for Equations 
4.4 and 5.4 of Table 6.23 are high, inconsistencies in the 
signs of the current and lagged prices paid for production 
items and current land prices may suggest questions as to the 
reliability of the results. Reference to the simple correla­
tion matrix of variables used in the Northern Plains investi­
gations suggests that several of the variables in Equations 
4.4 and 5.4 are highly interrelated. 
The fact that purchases of farm trucks have increased 
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as the real value of cash receipts in the Northern Plains has 
decreased suggests that Northern Plains farmers consider 
trucks as an important production input. If cash receipts 
were to exhibit a consistent upward trend, truck purchases in 
the Northern Plains could be increased significantly. The 
results presented in Equation 5»^ of Table 6,23 suggests that 
a one percent increase in the weighted income variable could 
be associated with about a 2 percent increase in truck 
purchases in the Northern Plains, 
Farm truck purchases in the Appalachian region can not 
be explained satisfactorily with the variables and the 
analytical technique used in this study. Perhaps, curvilinear 
models or simultaneous equation systems should be used to 
study truck purchases in the Appalachian region. Simultaneous 
equations and curvilinear models are not used in this study. 
About 86 percent of the variation in farm truck pur­
chases in the Southeast is explained by lagged crop producticai 
per acre, the ratio of prices paid for production items to 
prices paid for family living items, land prices and the 
nonfarm variables discussed earlier, according to Equation 
7.6 of Table 6,23, When agricultural variables are sub­
stituted for the nonfarm variables in Equation 7,6 of Table 
6,23 as in Equation 6,6, the coefficient of determination is 
increased from ,86 to ,95* The variables included in 
Equation 6,6 are weighted incomes, prices received for farm 
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products, crop production per acre, prices of production 
items, farm size, the ratios MP/PR, PPp/PFL, MP/LWR and 
weather, 
Equation 6,6, representing a demand function for farm 
trucks in the Southeast, includes the same combination of 
variables as Equation 9.7 of Table 6.23 which explains truck 
purchases in the Delta States. It is not unusual that many 
of the same relationships should be influential in farmers' 
decision making criteria in both regions since production 
practices are quite similar in the Delta States and the 
Southeast region, 
A difference in the directional influence of the ratio 
PPp/PFL is observed between the Southeast and Delta States. 
We have suggested that for purchases of essential production 
items to be maintained or increased as the ratio PPp/PFL 
increases, either the consumption of family living items 
should be curtailed or the budget constraint relaxed or both. 
Farm income levels have been generally increasing in both 
the Southeast and the Delta States. However, farm income 
levels of farmers in the Delta States are considerably below 
the levels of farm incomes in the Southeast, Farmers in the 
Delta States may be less able or willing to restrict family 
living item consumption than farmers in the Southeast because 
of their relatively low incomes. 
I 
The combinations of variables represented by Equations 
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1.8, 2.8 and 3.8 of Table 6.24 explain only slightly more 
than 80 percent of the annual variation in farm truck pur­
chases in the Southern Plains. Lagged values of the ratio 
PEL/PRC are related positively to truck purchases in Equations 
2.8 and 3.8, ceterus paribus. If current values of PEL/PRC 
are considered, given increases in lagged values of the same 
ratio, increases in the current values may not stimulate 
truck purchases. Adequate truck purchases to meet current 
demand may have resulted from the observed increases in the 
lagged value of PEL/PRC. 
Farm trucks are an important production input in the 
wheat producing regions of the Southern Plains. Truck 
purchases in the Southern Plains were found to increase for 
many of the same reasons as truck purchases in the Northern 
Plains according to the first three equations of Table 6.24^ 
New farm truck purchases in the Mountain states can be 
explained by the same relationships which explain truck 
purchases in the Southern Plains according to Equations 3.8 
and 5.9 of Table 6.24. Farmers in both the Southern Plains 
and the Mountain states were found to increase their invest­
ment in farm trucks if crop production per acre during the 
preceeding period was higher than during the period two years 
previous, A one percent increase in crop productivity per 
acre is associated with about a .75 percent increase in truck 
purchases in both regions. While the increase in truck 
Table 6.24. Investment functions for annual Investment in new farm 
trucks from annual data 1946-63; coefficients, standard 
errors (in parenthesis) and related statlstics^^ 
Southern Plains, Mountain and Pacific 
Equation and 
trans f orma tion Xl8 Xi9 ^22 X24 *28 
Dep. 2 PR Fa CP/A ts PPp 
Var. Constant t-1 t-1 t-1 t-1 
1.8-0 2 .81 234.00 .34* 
(.16) 
2.8-0 2 .81 85.81 .39* 
(.11) 
3.15* 
(1.43) 
3.8-L 2 .84 -1.60 .79* 
(.18) 
1.03* 
(.39) 
4.9-0 2 .81 -36.49 .02* 
(.004) 
.25 
( 1 6 )  
5.9-L 51 .93 -1.96 .76* 
(.34) 
1.35* 
(.39) 
6.10-L 2 .97 .62 -1.00* 
(.19) 
7.10-0 51 .92 -.94 -.004* 
(.002) 
.28* 
(.08) 
-.05* 
(.01) 
8.10-0 51 .89 -13.33 -.006* 
(.002) 
.43* 
(.11) 
9.10-0 2 .97 50.44 -.02* 
(.003) 
10.10-0 2 .94 243.94 -.58* 
(.24) 
^Dependent variable is discussed in the text. 
^Variable numbers correspond to numbered variable list at the 
end of chapter 5. 
^The first number is the equation number; the second denotes 
the region. The letters 0 and L refer to original data and 
a logarithmic transformation respectively. 
•Significant at the Of = .05 level. 
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3^3 3^6 4^1 4^2 4^4 *46 4^7 *48 *49 
PRL/PRC LP MP/PR PPp/PFL MP/LWR GPDI PCPR SL LBR 
t t t t t 
226.71* 
(80.98) 
-23.21 
(76.93) 
- .18 
(.25) 
.27 
(.24) 
.58* 
(.24) 
-.81* 
(.28) 
1.24* 
(.49) 
102.66* 
(36.94) 
-.65* 
(.13) 
-76.63* 
(35.27) 
7.42 
(4.00) 
-11.55 
(14.73) 
-6.11 
(3.83) 
.99* 
( .22)  
-4.01 
(1.53) 
-5.41* 
(1.70) 
3.81* 
(1.11) 
1.82 
(.94) 
-33.23* 
(12.88) 
2.39 
(1.70) 
-12.87 
(6.49) 
-43.48* 
(13.09) 
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Table 6.24. (Continued) 
Equation and ^ 
transformation ^55 ^57 ^58 ^59 ^61 ^64 ^65 
Dep. GP GP ZDCR tS/P Dg 
Var. t t-1 t-1 t-1 
1.8-0 2 -8.80* 
(4.09) 
2.8-0 2 
3.8-L 2 
4.9-0 2 -.14 -12.18 6.41* 
(.06) (7.66) (2.65) 
5.9-L 51 
6.10-L 2 .03 -4.40* -.72 -577.93* 
(.68) (1.80) (.80) (233.16) 
7.10-0 51 .05 -2.31* 
(.03) (1.04) 
8.10-0 51 .07* -10.88* -1.59* 
(.03) (3.77) (1.10) 
9.10-0 2 -.03 -.12* .20* 1.30 
(.03) (.04) (.06) (1.87) 
10.10-0 2 -6.88* 
-217.09 
(157.81) 
92.22* 
(23.60) 
(1.93) 
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Table 6.24. (Continued) 
Equation and 
transformation X57 X-jq Xyj X72 X74 
Dep. PRC PRL MP/PR PPp/PFL PRL/PRC 
Var. t t-1 t-1 t-1 t-1 
1.8-0 2 
2.8-0 2 -.28 -775.22* 123.85* 
(.17) (254.88) (47.77) 
3.8-L 2 -.71 -2.43* .35* 
(.45) (.72) (.14) 
4.9-0 2 101.50* 
(39.76) 
5.9-L 51 -.72 -.33* -1.42* .10 
(.59) (.12) (.63) (.16) 
6.10-L 2 -1.88* 
(.68) 
7.10-0 51 
8.10-0 51 112.00* 
(26.03) 
9.10-0 2 4.24* 
(.35) 
10.10-0 2 
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purchases resulting from higher yields is not large, the 
results suggest that farmers do include observed productivity 
in their expectations. The individual farm may enjoy higher 
gross returns as yield per acre increase in the short run 
only. For if the industry product supply increases, the 
inelasticity of the demand for food items dictates lower cash 
receipts for the industry. Farmers' expectations must be 
based on fairly short run considerations if investment is 
expanded when lower cash receipts in the long run are quite 
likely. 
By adding the lagged value of the ratio MP/PR to the 
variables included in Equation 3,8 of Table 6,2h, acceptable 
predictions of demand for farm trucks in the Mountain States 
are obtained as in Equation 5.9 of Table 6,2k, An increase 
in machine prices relative to product prices in the previous 
period is shown to be associated with a decrease in farm 
truck purchases in the Mountain States. 
Approximately 97 percent of the variation in truck 
purchases in the Pacific region is explained by lagged product 
prices, government payment to farmers and weather. The 
directional influences and variable significances have 
already been discussed. Some of the major determinants of 
investment in farm trucks in the Pacific region are presented 
in Equations 6.10 to 10,10 of Table 6,24. 
Several farm truck investment functions have been 
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presented in Tables 6,21 through 6,2^ . Truck purchases in 
each of the production regions except the Appalachian and 
perhaps the Northern Plains are explained by several different 
investment functions. The researcher may choose from among 
the alternative investment functions for farm trucks according 
to data availability and his understanding of the basic 
factors affecting the demand for new farm trucks. 
Purchases of "other farm machinery" 
Many of the machines included in the "other farm 
machinery" category are complementary with farm power sup­
plies, The hypothesis that a large available power capacity 
stimulates purchases of new and larger units of machinery 
such as plows, harrows, cultivators and etc. is supported by 
the positive relationship between lagged tractor stocks and 
"other" machinery purchases indicated in Tables 6.25 through 
6.28. The complementarity between "other" machinery items 
and farm tractors as inputs in agricultural production implies 
that many of the relationships found useful in explaining 
farm tractor purchases should also be useful in explaining 
"other farm machinery" purchases. The variables found 
significant in the regional analysis of "other" machinery 
purchases are, for the most part, the same as those found 
significant in the U.S. models for "other" machinery demand 
presented in Part I. Equation 2.1 of Table 6,25 includes the 
Table 6.25. Investment functions for annual investment in other farm 
machinery from annual data 1946-63; coefficients, standard 
errors (in parenthesis) and related statistics® " 
Northeast, Lake States 
Equation and 
transformation ^16 ^17 ^19 
Dep. 2 CR CR CRC PR Fa 
Var. R Constant t t-1 t-1 t 
1.1-0 52 .94 311.21 4.58* 
(1.02) 
2.1-0 3 .88 -133.12 6.82* 
(2.66) 
3.1-0 52 .92 9.88 1.46* 
(.65) 
4.1-0 3 .95 142.43 21.25* -2.76* 
(4.15) (.25) 
5.1-0 3 .91 -26.72 
6.2-0 3 .93 -275.99 .05* .01 
(.02) (.50) 
7.2-0 3 .93 -167.04 .04* -.85 
(.02) (.71) 
8.2-0 3 .93 -97.43 
9.2-L 52 .90 -4.80 1.44* 
(.63) 
dependent variable is discussed in the text. 
^Variable numbers correspond to variable number list at the end 
of chapter 5. 
'^The first number is the equation number; the second denotes the 
region. The letters and L refer to original data and a logarithmic 
transformation. 
*5ignifleant at the ® = .05 level. 
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*20 2^2 *24 
L CP/A tS 
t-1 t-1 
X26 *27 2^8 
aS PPp PPp 
t-1 t t-1 
*29 *33 *36 
PFL PRL/PRC LP 
t t t-1 
-.09* 
(.03) 
-.03* 
(.01) 
.25 
(.23) 
.13 
(.16) 
-1.15* 
(.50) 
.97 
(.64) 
.43* 
(.08) 
.16* 
(.07) 
8.24* 
(1.68) 
152.87* 
(34.68) 
2.05* 
(.39) 
262.54* 
(53.58) 
5.24* 
(1.28) 
4.45* 
(.85) 
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Table 6.25. (Continued) 
Equation and ^ 
transformation" X40 XA2 X/,/, X^, X^y X^ 
APF PPp/PFL MP/LMR GPDI PCPR Si Dep. 
Var. 
1.1-0 52 
2.1-0 3 24.39* 
(6.49) 
3.1-0 52 6.52* 
(2.39) 
4.1-0 3 54.57* 
(5.49) 
5.1-0 3 
6.2-0 3 27.91* 
(10.41) 
7.2-0 3 29.86* 
(10.05) 
8.2-0 3 39.88* 
(5.76) 
9.2-L 52 -7.28* -3.04* 
-79.84* 7.57* -58.55* 
(21.61) (2.48) (12.28) 
(.90) (1.19) 
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Table 6.25. • (Continued) 
Equation and ^ 
transformation Xjg X57 Xgg X59 Xgi X^a 
Dep. LBR GP GP %DCR %DCR tS/F Dj 
Var. t t-1 t t-1 t-1 
1.1-0 
2.1-0 
3.1-0 
4.1-0 
5.1-0 
6.2-0 
7.2-0 
8.2-0 
9.2-L 
52 
3 
52 
3 
3 
3 
3 
3 
52 
-52.55* 
(11.56) 
-.18* 
(.07) 
-.13* 
(.03) 
-.21* 
(.05) 
-.71 
(.48) 
1.15* 
(.42) 
•1.57* 
(.47) 
-1.40* 
(.47) 
.72 
(.41) 
87.77* 
(33.41) 
-2.89 
(2.90) 
4.39* 
(1.81) 
15.12* 
(3.71) 
-7.73 
(5.43) 
-6.70 
(5.23) 
•10.15 
(5.28) 
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Table 6.25. (Continued) 
Equation and 
transformation 
Dep. 
Var. 
«67 
PRC 
t 
^70 
PRL 
t-1 
*72 
PPp/PFL 
t-1 
^73 
MP/LWR 
t-1 
^7.4 
PRL/PRC 
t-1 
1.1-0 52 
2.1-0 .3 
3.1-0 52 
4.1-0 3 -923.45* 40.11* 
(213.13) (7.10) 
5.1-0 3 1.16* 885.44* 244.98* 
(.43) (324.83) (47.97) 
6.2-0 3 536.33* 
(88.29) 
7.2-0 3 524.38* 
(85.27) 
8.2-0 3 9.09* 
(.99) 
9.2-L 52 -2.81* (.70) 
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same explanatory variables as Equation h of Table 6,11. 
Consequently, regional models for truck purchases add little 
new information and are not included. 
Cash receipts, government payments to farmers, weather, 
crop productivity and the ratio of machine prices to the farm 
labor wage rate are included in Equation 3.1 of Table 6,25 
and explain 92 percent of the annual variation in purchases 
of nonpower farm implements in the Northeast, The income 
elasticity of the demand for "other farm machinery" in the 
Northeast is 1,1, which is about the same as the income 
elasticity of the demand for farm tractors in the Northeast. 
The similarity between the income elasticities of the demand 
for tractors and nonpower implements is not unusual if farm 
tractors and "other" machinery items are in fact complements. 
Machine price indexes are assumed to represent nonpower 
implement prices as well as tractor and truck prices in the 
regional analyses. Many new farm implements are purchased 
to reduce labor requirements. The farm labor wage rate is a 
relevant variable in regional demand analyses even though 
the amount of hired farm labor is low. Farm operators often 
use the current farm labor wage rate to assign a value to 
their time. The ratio MP/LWR is shown to be a significant 
variable in the demand functions for "other farm machinery" 
in most of the ten production regions. 
"Other" machinery purchases in the Lake States are a 
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function of absolute and relative product price levels, 
tractors on farms, the change in cash receipts lagged one 
year and the ratio of machine prices to the farm labor wage 
rate, according to Equation 6,2 of Table 6,25. The percentage 
change in cash receipts is shown to be more important than 
the level of cash receipts in the decision to purchase new 
farm implements in the Lake States in Equations 6.2 and 8.2 
of Table 6,25. Generally, percentage changes in cash receipts 
in the Lake States have been negative. The negative rela­
tionship between the percentage change in cash receipts and 
"other" machine purchases suggests that further negative 
changes in cash receipts in the Lake States will reduce 
farmers' purchases of nonpower machinery, A negative rela­
tionship was also found to exist between tractor purchases 
and the percentage change in cash receipts in the Lake States, 
Equation 8,2 explains about 93 percent of the fluctua­
tion in "other" machinery purchases in the Lake States, Only 
government payments to farmers, the change in cash receipts, 
lagged livestock prices, weather, and the ratio MP/LWR are 
included in Equation 8,2. 
The income elasticity of the demand for "other" machinery 
in the Corn Belt, derived from Equation 1,3 of Table 6,26, 
is 2,83. The income elasticity of the demand for tractors 
in the Corn Belt was about 3.5. Purchases of "other" 
machinery items are apparently less responsive to changes 
Table 6.26, Investment functions for annual investment in "other" farm 
machinery from annual data 1946-63; coefficients, standard 
errors (in parenthesis) and related statistics 
Corn Belt, Northern Plains, Applachian 
Equation and 
transformation 
Dep. 2 
Var, R Constant 
1,3-L 52 .97 -4.67 
2.3-0 3 .93 -216.49 
3,3-L 52 .94 5.09 
4,4-L 3 .95 -.21 
5.4-L 3 .95 .81 
6,4-0 52 .94 -99.82 
7,4-0 52 .94 -108.35 
8.5-0 52 .92 -4.17 
9.5-0 3 .92 -1.48 
10.5-0 52 .96 1.04 
11.5-0 52 .96 .97 
1^2 *17 1^8 *19 
CR PR PR Fa 
t-1 t t-1 
2.83* 
( .62)  
.02* -2.00* 
(.01) (.97) 
2.86* 
( . 66 )  
.35 
(.27) 
3.70* 
(.45) 
3.68* 
(.44) 
1.30* -.15 
(.55) (.61) 
^Dependent variable is discussed in the text. 
^Variable numbers correspond to variable number list at the end 
of chapter 5. 
^The first number is the equation number; the second denotes the 
region. The letters 0 and L refer to original data and log­
arithmic transformation, 
^Significant at the a = ,05 level. 
280 
2^0 
t t-1 
X24 
ts 
t-1 t 
PRL^ R^C 
t 
MP%m 
t 
-1.05* .64* 1.99* 
( .26) (.24) (.83) 
.28* 
(.07) 
-1.23* .73* 2.42* 
(.25) (.26) (.84) 
-.05* -.09 .87* 
(.01) (.11) (.28) 
.05* .89* 
(.01) (.26) 
-.82* 1.97* 
(.28) (.89) 
.25* 1.53* 
(.32) (.32) 
.36 -1.67* 
(.33) (.34) 
.01 
( .16) 
60.62* 
(19.21) 
-.03* 
( .16) 
.30* 
(.05) 
.33* 
(.05) 
.14* 
(.05) 
11.96* 
(4.18) 
.51* 
(.22) 
.98* 
( .20) 
1.23* 2.03* 
(.32) (.24) 
1.35* 2.13* 
(.34) (.25) 
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Table 6,26. (Continued) 
Equation and 
transformation X56 X57 Xgg X59 Xg4 X^g 
Dep. GP GP %DCR %DCR D2 
Var. t t-1 t t-1 
1.3-L 52 -.13* -1.56 736.54* 
(.03) (2.29) (225.13) 
2.3-0 3 -1.52 32.08* 
(.75) (13.33) 
3.3-L 52 -.11* -1.57 666.04* 
(.03) (2.47) (237.16) 
4.4-L 3 -.11* 3.11* .90 10.99 
(.03) (1.08) (.80) (198.73) 
5.4-L 3 -.11* 2.17* .74 99.28 
(.03) (.80) (.81) (191.21) 
6.4-0 52 .08* -.31* 
(.03) (.12) 
7.4-0 52 .08* -.34* 
(.03) (.10) 
8.5-0 52 -5.81* 39.82 
(2.39) (325.14) 
9.5-0 3 -.24* -.83 
(.08) (2.56) 
10.5-0 52 
11.5-0 52 -2.74 
442.60 
(285.04) 
(2.52) 
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Table 6.26. (Continued) 
Equation and ^ 
transformation X73 
Dep. MP/LWR PRL/PRC 
Var. t-1 t-1 
1.3-L 52 
2.3-0 3 368.28* 
(61.30) 
3.3-L 52 
4.4-L 3 .98* 
(.18) 
5.4-L 3 1.16* 
(.11) 
6.4-0 52 
7.4-0 52 
8.5-0 52 1.43* 
(.25) 
9.5-0 3 
10.5-0 52 -1.58* 1.80* 
(.55) (.23) 
11.5-0 52 -1.37* 1.62* 
(.58) (.28) 
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in income levels than are tractor purchases. 
Increased tractor purchases in the previous period may-
cause farmers' liabilities to increase. Risk aversion on the 
part of both credit suppliers and entrepreneurs may cause 
increasing liability levels to be associated with fewer 
purchases of "other farm machinery" items. A one percent 
increase in the level of farmers liabilities in the Corn 
Belt is associated with about a one percent decrease in 
investment in nonpower machinery items according to Equation 
1.3 of Table 6.26. 
Approximately 95 percent of the annual variation in 
purchases of "other farm machinery" in the Northern Plains is 
explained by the six variables included in Equation 5.^ + of 
Table 6.26. Government payments to farmers, the current 
percentage change in cash receipts and the ratios MP/LWR and 
lagged PRL/PRC are significant at the a = .05 level in 
Equation 5.^ . The standard error of the regression coeffi­
cients for lagged cash receipts and the dummy variable 
representing better than average weather are larger than the 
coefficients themselves. Consequently, the weather variable 
and lagged cash receipts are not significant in Equation 5.*+. 
Cash receipts are included as a separate variable in 
Equations 6.4 and 7.4 of Table 6.26. The income elasticity 
of demand for "other" machinery is about 2.3 in the Northern 
Plains; about the same as in the Corn Belt. The income 
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elasticity of the demand for "other farm machinery" is about 
twice as high as that of the demand for tractors in the 
Northern Plains, 
The large number of explanatory variables included in 
Equations 6.4 and 7.4 does not yield a higher coefficient of 
determination than that obtained from the few variables of 
Equation 5.4. The sign inconsistencies in Equations 6.4 and 
7.4 suggest that Equation 5.4 of Table 6.26 may be the most 
appropriate demand function for other farm machinery in the 
Northern Plains, 
Farm labor is plentiful in the Appalachian region 
relative to more prosperous agricultural areas such as the 
Corn Belt and the Pacific region. An increase in the ratio 
of machine prices to the farm labor wage rate is associated 
with a decrease in nonpower machinery purchases in the 
Appalachian region as shown in Equations 10.5 and 11.5 of 
Table 6.26. The variables of Equation 10.5, whose influences 
are discussed above, explain about 96 percent of the annual 
variation in purchases of new nonpower implements in the 
Appalachian region. 
The percentage change in cash receipts, current and 
lagged values of the ratio PRL/PRC, and the ratio of machine 
prices to product prices are included in the demand function 
for "other" machinery purchases in the Southeast according 
to Equation 1 of Table 6.27. Land prices and crop production 
Table 6.27. Investment functions for annual Investment In "other" farm 
machinery from annual data 1946-63; coefficients, standard 
errors (In parenthesis) and related statistics 
Southeast, Delta States, Southern Plains 
*17 *18 *19 
PR PR Fa 
t t-1 
Equation and 
transf ormatlon 
Dep. 
Var. Constant 
*11 
CR 
t 
*12 
CR 
t-1 
1.6-L 52 .98 3.30 
2.6-L 3 .92 -9.55 2.39* 
(.64) 
3.7-0 52 .97 19.85 
4.7-0 3 .93 -27.24 1.75 
(1.49) 
5.7-0 3 .96 -63.02 
6.8-0 3 .80 15.91 4.00* 
-.02* 
(.006) 
.03* .05 
(.01) (.07) 
(1.46) 
dependent variable Is discussed In the text. 
^Variable numbers correspond to variable number list at the end 
of chapter 5. 
^The first number Is the equation number ; the second denotes the 
region. The letters 0 and L refer to original data and a loga­
rithmic transformation. 
*Signifleant at the * = .05 level. 
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*20 
L CP?1 
t 
*22 
CP/A 
t-1 
*24 
tS 
t-1 
*26 
aS 
t-1 
A27 
PPp 
t 
'^ 28 
PPp 
t-1 
*33 If PRL/PRC *35 LP *40 APF 
.22 
(.19) 
.30* 
(.07) 
-.04* 
(.02) 
- # 8 1  
(.18) 
.44 
(.67) 
.11* 
(.03) 
5.15* 
(1.55) 
5.06* 
(1.96) 
1.04* 
(.17) 
8.19* 
(1.50) 
.52* 
(.18) 
-.26* 
(.06) 
-.53* 
(.14) 
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Table 6.27. (Continued) 
Equation and 
transformation Xa2 X/./, X^^ X^g Xgg X^g 
Dep. MP/PR PPp/PFL MP^WR GP %DCR %DCR 
Var. t t t t t t-1 
1.6-L 52 .61* 
(.10) 
-7.53* 
(1.49) 
2.6-L 3 -8.25* 
(3.21) 
1.01* 
(.21) 
3.7-0 52 -350.74* -298.85 22.46* .01 
(70.10) (269.97) (4.33) (.64) 
4.7-0 3 
-.14* 
(.12) 
-.26* 
(.11) 
5.7-0 3 -.69 
(5.06) 
-.56* 
(.14) 
6.8-0 3 32.61* 
(11.20) 
-.16 
(.09) 
-.17 
(.27) 
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Table 6.27, (Continued) 
Equation and ^ 
transformation X54 X70 X71 X73 X74 
Dep. Di D2 PRL MP/PR MP/LWR PRL/PRC 
Var. t-1 t-1 t-1 t-1 
1.6-L 52 .34 .12 
(.07) (.14) 
2.6-L 3 .52 
(.24) 
3.7-0 52 -1.88* 
(.80) 
3.37* 
(1.11) 
4.7-0 3 13.71* 
(1.86) 
5.7-0 3 4.21* 
(1.76) 
-5.27* 
(2.22) 
647.01* 
(134.89) 
6.8-0 3 3.48 
(7.27) 
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per acre are also included in Equation 1, The influences of 
lagged values of PRL/PRC and current crop productivity on 
"other" machinery purchases in the Southeast are not statis­
tically significant according to the results presented in 
Equation 1. 
Land and "other farm machinery" items are substitute 
inputs in the Southeast according to the cross-price elastic­
ity of "other" machinery demand with respect to land prices. 
An increase of one percent in land prices is associated with 
about a 2,5 percent increase in "other" machinery purchases. 
Farmers in the Southeast evidently use more of the available 
investment funds for expanding stocks of nonpower items as 
land prices increase. Again, it must be pointed out that 
large percentage increases in "other" machinery purchases in 
the Southeast may represent only small absolute increases in 
"other" machinery pruchases because of the small quantity of 
nonpower items presently being purchased. 
More than 90 percent of the annual variation in "other 
farm machinery" purchases in the Delta States is explained 
by the combinations of variables in Equations 3.7, ^.7 and 
5.7 of Table 6.27. Equation 3,7 yields the largest coeffi­
cient of determination. The influence of the variables in 
Equation 3«7 have been discussed in the preceeding paragraphs 
and are not discussed again. 
Although the results obtained from attempts to explain 
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purchases of nonpower farm machinery in the Southern Plains 
were generally poor, it is possible to compute the income 
elasticity of demand for "other" machinery from Equation 6,8 
of Table 6.27# The income elasticity of the demand for 
nonpower farm machinery in the Southern Plains is about 1,1; 
which is high relative to that for "other" machinery demand 
in the Delta States but low relative to the Corn Belt and 
Northern Plains. 
Table 6,28 includes several investment functions for 
"other farm machinery" items for the Mountain and Pacific 
regions. Although the simple correlations between explanatory 
variables do not suggest multicollinearity problems, the 
negative influence of financial assets held by farmers on 
"other" machinery purchases shown in Equations 2,9 and 3*9 
does not seem consistent with theory. Theoretically, larger 
financial assets in the hands of farmers should stimulate 
investment in farm machinery items. 
Perhaps, a sort of senility effect exists in the demand 
for "other farm machinery" in the Mountain states. Farmers 
who have accumulated large amounts of financial assets may 
not have invested heavily in machinery in the past. They may 
resist changing their investment habits regardless of the 
level of their financial assets. The positive influence of 
farmers' liabilities on farm implement purchases in Equations 
2,9 and 3«9 of Table 6,28 is even more difficult to explain 
Table 6,28, Investment functions for annual investment in "other" farm 
machinery from annual data 1946-64; coefficients, standard 
errors (in parenthesis) and related statistics 
Mountain, Pacific 
pi® fP 
t-1 
1.9-0 52 .93 134,20 3,65* 
(1.03) 
2.9-0 3 .92 -10,78 .01* 
(.005) 
-.59* 
(.18) 
3.9-L 3 ,95 -2.95 .51* 
(.18) 
1.21 
(.36) 
4.9-0 52 ,96 34,00 .009* 
(.002) 
-.45* 
(.10) 
5,10-L 3 .96 4,71 -1.78* 
(.60) 
2.82* 
(.78) 
6.10-L 52 ,96 3.22 -1.44* 
(.57) 
3,22* 
(.80) 
7,10-L 52 .91 3,10 ,38* 
(.31) 
Equation and 
transformation Xj^2 Xi ? 
Dep. 2 CR PR 
Var, R Constant t-1 t 
^Dependent variable is discussed in the text. 
^Variable numbers correspond to variable number list at the end of 
chapter 5, 
^The first number is the equation number; the second denotes the 
region. The letters 0 and L refer to original data and a log­
arithmic transformation. 
*Significant at the a = ,05 level. 
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CP^A tS^ ai^ PPp PfZ A^t PPptlpL MP^ÈwR ^ 
t-1 t-1 t t t t t 
-.13 1.45* -7.68 -7.14* -.25* 
(.12) (.29) (4.39) (1.60) (.07) 
.21* 20.54* 
(.05) (4.91) 
.62* 
(.12) 
4.35* -474.11* 6.05* 
(1.23) (165.59) (1.73) 
-.45* .19 
(.17) (.15) 
-.83* .009 
(.17) (.15) 
-1.23* 3.32* -3,02* -3.02* .51* 
(.48) (1.24) (.70) (1.43) (.17) 
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Table 6,28. (continued) 
Equation and 
transformation X.» X.q X,. X,, X,. X,„ X , 
Dep. %DCR %DCR tS/F D° d" PPp/PFL PRL/PRC 
Var. t t-1 t-1 t-1 t-1 
1.9-0 52 -.34* 14.80* -2,12 
(.10) (5.05) (1.79) 
2.9-0 3 «06 -7.64* 251,72* 
(.05) (3.13) (61.48) 
3.9-L 3 .53 ,41* -506,28* ,58* 
(.44) (.12) (192.16) (.14) 
4.9-0 52 .05 .009 -3,04* 52,88 
(.03) (.02) (1.13) (25.33) 
5.10-L 3 2.19 335.29 497,23* 1.60* 
(1.33) (273,49)( 175,28) (.31) 
6.10-L 52 1.24 36,94 1.79* 
(1.21) (259.49) (.32) 
7.10-L 52 1.49 (.74) 
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than the negative influence of financial assets held by 
farmers. 
Equation 1.9 of Table 6.28 accounts for 93 percent of 
the variation in annual purchases of new nonpower farm 
implements in the Mountain states. The level of total 
cash receipts, government payments to farmers, and lagged 
percentage change in cash receipts reflect the influence of 
income on nonpower farm implement purchases. A one percent 
increase in cash receipts is associated with about -a k 
percent increase in "other" machinery purchases in the 
Mountain States. 
Better than average weather is shown to be related 
positively to "other" machinery purchases in the Mountain 
States by Equation 1.9 of Table 6.28. The influence of 
better than average weather years on "other" machinery 
purchases in the Mountain region is negative in Equations 
2.9; 3.9 and ^ .9. A negative sign on the better than 
average weather variable suggest that farmers in the Mountain 
States do not formulate expectations of the future simply by 
assuming that present conditions will persist into the 
future. The inclusion of highly interrelated explanatory 
variables included in Equation 1.9 may have caused the 
observed signs of the weather variables to be inconsistent 
with fact. 
The level of cash receipts in the Mountain States has 
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increased gradually but not consistently since 19^ -6. This 
being the case, positive increases in the percentage change 
in cash receipts suggest higher "other" machinery purchases, 
unless farmers' preference shifts to farm machinery items 
not classed as nonpower items as the absolute level of cash 
receipts increases. 
Farm labor is not overly abundant in the Mountain States, 
Therefore, increases in the price of machinery relative to 
the labor wage rate may not result in immediate substitutions 
of labor for machinery. Machinery purchases may continue 
even though machine prices have increased relative to prices 
of other inputs if the real value of cash receipts increases 
over time. 
Financial assets held by farmers may increase because of 
prudent management of funds or unusually high cash receipts 
or both. A one percent increase in financial assets held by 
farmers is shown, in Equation 5.10 and 6.10 of Table 6.28 to 
be associated with about a 3 percent increase in "other" 
machinery purchases in the Pacific Region, other things 
constant. Large tractor purchases during the previous period 
may deplete financial reserves. Financial reserves need to 
be replenished and current liabilities reduced before Pacific 
farmers undertake additional investment activities. 
Average farm size is related negatively to "other" 
machinery purchases in Equation 7.10 of Table 6.28. As farms 
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are consolidated, raising the average acres per farm by say, 
one percent purchases of nonpower machinery may decline by as 
much as 3 percent according to the results presented in Equa­
tion 7.10, Evidently, the smaller farmers in the Pacific 
region have accounted for much of the investment in "other" 
machinery. As farm size increases, few purchasers remain in 
the market. Remaining farmers may have had excess capacity 
of nonpower machinery items before they acquired additional 
land. Very often, only power inputs need be expanded as the 
land base increases. 
Reasonably good explanations of the variation in pur­
chases of "other" farm machinery were obtained for most 
production regions. Poor results were obtained from investi­
gations of purchases of nonpower farm machinery items by 
farmers in the Southern Plains. Choice of the most appro­
priate "other" machinery investment function for each region 
should be based on the same considerations as choices of 
specific investment functions presented earlier; available 
data and a logical combination of explanatory variables. 
All farm machinery 
The results of regional investigations of the factors 
affecting total investment in farm machinery are presented 
last. By discussing the factors found to be influential in 
determining the demand for farm tractors, farm trucks and 
297 
other farm machinery, first, the logic relating to the 
direction and magnitude of the influence of the relationships 
affecting total farm machinery investment activities has 
been presented. All that remains to formulate regional 
total machinery investment functions is to aggregate variable 
influences over machine categories within regions. Regional 
models for investment in all machinery and motor vehicles are 
not specified symbolically for two reasons. First, the 
directional influences of relevant variables have already been 
explained; and second, the U. S. model presented in Part I 
for all machinery and motor vehicles specifies the general 
relationships involved. 
The first seven equations of Table 6.29 define total 
farm machinery investment in the Northeast as a function 
of various combinations of agricultural and nonagricultural 
variables. The price and income elasticities of demand for 
all farm machinery in the Northeast are ,42 and 3,07 respec­
tively. Machinery demand in the Northeast appears to be 
price inelastic and income elastic. Equation 5.1 defines 
total farm machinery purchases as a function of the level of 
government payments to farmers and the lagged percentage 
change in cash receipts. Farmers' liabilities, prices of 
family living items, machine prices and weather are also 
included in Equation 5.1. About 93 percent of the variation 
in purchases of new farm machinery by farmers in the Northeast 
Table 6.29. Investment functions for total annual investment in farm 
machinery and motor vehicles from annual data 1946-63; 
coefficient, standard errors (in parenthesis) and related 
statistics 
Northeast; Lake States 
Equation and 
trans format ion Xll Xl2 Xl6 Xl8 
Dep. 9 CR CR CRC PR Fa 
Var, Constant t t-1 t-1 t-1 
1.1-0 53 .97 -76.96 
2.1-0 53 .95 714.61 8.10* 
(2.17) 
3.1-0 53 .93 207.23 
4.1-0 53 .94 6.61 4.06* 
(1.51) 
5.1-0 53 .93 225,22 
6,1-0 4 .94 479.87 
7.1-0 4 .93 369.47 40.08* -5.22* 
(10.83) (.66) 
8.2-0 4 .96 -181.45 -.01 
(.04) 
9.2-0 4 .96 -202.94 
10.2-0 53 .94 -87.23 7.60* 
(1.37) 
^Dependent variable is discussed in the text. 
^Variable numbers correspond to numbered variable list at the end 
of chapter 5. 
^The first number is the equation number; the second denotes the 
region. The letters 0 and L refer to original data and a log­
arithmic transformation respectively. 
•Significant at the a = ,05 level. 
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X20 X22 X24 X29 X31 X33 X36 X44 X46 X47 
L CP/A ts PFL MP PRL/PRC LP 1 MP/LWR GPDI PCPR 
t-1 t-1 t t t t-1 t 
10.65* 
(2.58) 
.19 348.53* 4.33* -194.61* 16.99* 
(.50) (73.94) (.82) (46.07) (5.28) 
-.06* -.80* 17.57* 
(.02) (.39) (5.10) 
- ,06* 16.28* 
(.02) (4.27) 
-.07* -.83 .18* 
(.02) (.38) (.05) 
-.20* 1.83* -2.63* .48* 
(.04) (.80) 
.67* 
(.22) 
(.92) (.11) 
110.01* 
(14.32) 
71.61* 
(12.81) 
68.44) 
(8.40) 
-.05* 34.07* 
(.01) (6.18) 
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Table 6.29, (continued) 
Equation and 
transforation = J|6 ^57 
Var. t t-1 t t-1 
1.1-0 53 .02 .62* - .44* 
(.04) (.18) (.20) 
2.1-0 53 -122.65* -95.15* 
(26.18) (24.63) 
3.1-0 53 .32* .28 
(.07) (.26) 
4.1-0 53 -.25* -.24 
(.06) (.27) 
5.1-0 53 -.36* .18 
(.07) (.28) 
6.1-0 4 -.89* -.31 
(.15) (.54) 
7.1-0 4 
8.2-0 4 -.28* 1.69* -1.82* 
(.09) (.69) (.65) 
9.2-0 4 -.27* 1.79* -1.89* 
(.08) (.61) (.60) 
10.2-0 53 -.14* -.69* 
(.04) (.32) 
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Table 6,29. (continued) 
Equation and 
transformation 
^64 ^70 X72 X73 
Dep. Di PRL PPp/PFL MP/LWR 
Var. t-1 t-1 t-1 
1.1-0 53 6.10* 
(2.28) 
6.39* 
(.46) 
2.1-0 53 7.19 
(6.20) 
3.1-0 53 9.03* 
(3.77) 
4.1-0 53 8.91* 
(3.44) 
5.1-0 53 9.23* 
(3.70) 
6.1-0 4 20.43* 
(8.21) 
7.1-0 4 20.83* 
(9.66) 
-1841.91* 
(555.61) 
58.10* 
(18.51) 
8.2-0 4 -14.11 
(8.20) 
18.71* 
(3.43) 
9.2-0 4 -14.68* 17.66* 
(7.69) (1.44) 
LO.2-0 53 -2.04 
(3.72) 
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is explained by Equation 5.1* The coefficient of determina­
tion is Increased only to .94 by the addition of a lagged 
tractor stocks variable as in Equation 6.1 of Table 6.29. 
Most of the factors found to influence farm machinery 
purchases in the Northeast also affect machinery purchases in 
the LsLke States. Equations 9.2 and 1.1 of Table 6.29 include 
exactly the same explanatory variables. The former equation 
attempts to explain machine purchases in the Lake States, the 
latter attempts to explain purchases in the Northeast. 
Government payments to farmers, the percentage change in cash 
receipts, weather and factor-factor price ratios are shown to 
affect farm machinery purchases in both regions. Farmers' 
liabilities are also shown to be significant in the demand 
functions portrayed in Equation 1.1 and 9.2 of Table 6.29. 
The income elasticity of machinery demand is lower, 2.12, in 
the Lake States than in the Northeast. 
Lagged cash receipts, liabilities and crop productivity 
per acre plus the influences found significant in explaining 
purchases in the Northeast and Lake States explain almost 97 
percent of the variation in purchases of all farm machinery 
items in the Corn Belt. Only three of the variables, time, 
lagged percentage change in cash receipts, and the poor 
weather variable, in Equation 1.3 of Table 6.30 are insignifi­
cant at the a = ,05 and .10 levels. Most of the variables 
included in farm machinery investment functions for the Corn 
Table 6.30. Investment functions for total annual Investment in farm 
machinery and motor vehicles from annual data 1946-63; 
coefficients, standard errors (in parenthesis) and related 
statistics* 
Com Belt, Northern Plains 
Equation and ^ 
transformation Xio Xin Xon Xoi X09 
Dep. 2 CR PR L CP/A CP/A 
Var. R Constant t-1 t-1 t t-1 
1.3-L 4 .97 -1.16 2.01* -.82* 1.01* 
(.66) (.31) (.23) 
2.3-L 4 .93 -2.54 2.21* -1.06* .78* 
(.63) (.22) (.25) 
3.3-L 4 .96 -4.27 2.67* -1.27* - .93* 
(.54) (.20) (.21) 
4.3-L 4 .94 2.15 -.30 .51* 
(.24) (.21) 
5.4-0 4 .91 2975.69 
6.4-L 4 .93 .11 .34 
(.33) 
7.4-0 53 .95 -141.77 6.58* -.09* -.24 
(.74) (.01) (.19) 
8.4-0 53 .95 -165.44 6.52 .09* 
(.74) (.01) 
9.4-0 53 .91 -19.61 5.42* -.05* -.46* 
(.77) (.01) (.20) 
^Dependent variable is discussed in the text. 
^Variable numbers coiLcopoau Lw ..umberea variable list at the end 
of chapter 5. 
^The first number is the equation number; the second denotes the 
region. The letters 0 and L refer to original data and a loga­
rithmic transformation respectively. 
•Significant at the a = .05 level. 
3C4 
pK 
A29 
PFL 
t 
3^1 
MP 
t 
%33 
PRL/PRC 
(35 X37 
LP 
t 
X38 x, 
MP/PR 
t 
Xa2 41 H:
y ppp/: PP PFL 
t 
-27.25* 
(10.36) 
2.41* 
(.83) 
1.32 
(.75) 
2.13* 
(.68) 
.37* 
(.15) 
.24 
(.13) 
.88* 
(.32) 
.56* 
(.24) 
-96.33* 
(14.52) 
.33* 
(.14) 
-34.53* 
(9.65) 
484.40 
(1254.50) 
1.23* .33* 
(.46) (.08) 
1.29* 
(.44) 
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Table 6.30, (Continued) 
Equation and 
transformation X/^ Xc/ Xcc Xc? Xco Xcq 
Dep. MP/LWR T GP GP 7J)CR 7JDCR 
Var. t t t-1 t t-1 
1.3-L 4 .37* -2.17 -.17 
(.14) (1.70) (.03) 
2.3-L 4 -.09 
(.03) 
3.3-L 4 -.12* 
(.03) 
4.3-L 4 
5.4-0 4 78.39 
(21.90) 
6.4-L 4 .29* -.09* 
(.06) (.03) 
7.4-0 53 .14* 
(.05) 
8.4-0 53 27.80* .14* 
(7.09) (.05) 
9.4-0 53 40.31* -.04 
(8.22) (.05) 
-.24 
(2.08) 
.14 
(2.33) 
-1.67 
(2.02) 
-3.12 
(2.16) 
2.99* 
(1.29) 
-.58 
(.19) 
-.67* 
(.17) 
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Table 6,30. (continued) 
Equation and 
transformation ^ Xgg X,, X,g X73 X., 
Dep. Dg PRC PRL MP/LWR PRL/PRC 
Var. t t t-1 t-1 
1.3-L 4 471.09* 
(188.58) 
2.3-L 4 
3.3-L 4 487.35* 
(193.73) 
4.3-L 4 
5.4-0 4 
6.4-L 4 -192.70 
(237.68) 
7.4-0 53 
8.4-0 53 
9.4-0 53 5.51 
(296.77) 
2.29 
(1.25) 
28.80* 
(5.53) 
.14 
(.13) 
.56* 
(.21) 
.96* 
(.21) 
(5.55) 
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Belt apply equally well to the Northern Plains region. Only 
the weather variable and time are not included in functions 
explaining purchases of farm machinery in the Northern Plains. 
The income elasticities of total farm machinery demand in the 
Corn Belt and Northern Plains are similar; 2.67 and 2.17 
respectively. Price elasticities of demand do not differ 
significantly between the two regions either. 
Approximately 9^  percent of the annual variation in 
purchases of all farm machinery in the Appalachian region is 
explained by current and lagged values of PRL/PRC, current 
land prices, the lagged ratio of machine prices to farm labor 
wage rates and the level of technology in Equation 5.5 of 
Table 6.31. Only the current level of crop production per 
acre is not significant in Equation 5.5. The addition of the 
current percentage change in cash receipts to Equation 5.5 as 
in Equation 4.5 did not improve the explanatory power of that 
particular combination of variables. 
Equation 8.6 of Table 6.31 explains most of the varia­
tion in total farm machinery purchases in the Southeast. The 
same combination of explanatory variables explains more than 
97 percent of machine purchase fluctuation in the Delta 
States. Again, the similarity in relevant decision criteria 
between the Southeast and Delta States is evident. The 
weighted income variable is not statistically significant in 
Equation 9.7 which represents farm machinery purchases in the 
Table 6.31. Investment functions for total annual investment in farm 
machinery and motor vehicles from annual data 1946-63; 
coefficients, standard errors (in parenthesis) and 
related statistics 
Appalachian, Southeast Delta States 
Equation and 
transformation^ 
*12 *17 *18 *19 *20 
Dep. 0 CR PR PR Fa L 
Var. Cons tant t-1 t t-1 
1.5-0 4 .97 3.16 -.48 -.59 
(.51) (.47) 
2.5-0 4 .97 -.98 -.47 -.40 
(.39) (.42) 
3.5-0 53 .94 -2.41 .83* -.18 
(.37) (.41) 
4.5-0 53 .95 1.70 
5.5-0 53 .94 1.75 
6.6-0 4 .92 -965.17 
7.6-0 53 .88 -43.31 
8.6-1 53 .97 13.54 -6.98* 
(1.33) 
9.7-0 4 .97 57.11 -.10 
(.04) 
10.7-0 4 .90 -57.78 1.06 
(3.26) 
11.8-0 4 .90 -56.78 25.74* -.09* 
(.03) 
12.7-L 4 .89 2.08 -.59* 
(.14) 
^Dependent variable is discussed in the text. 
^Variable numbers correspond to numbered variable list at the end 
of chapter 5. 
'^The first number is the equation number; the second denotes the 
region. The letters 0 and L refer to original data and a loga­
rithmic transformation respectively. 
*Significant at the Of = .05 level. 
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t t-1 t-1 
ppF 
t 
pp?8 
t-1 
pÏP PRL?^RC 
t t 
.26* 
(.10) 
.27 -1.01* 
(.31) (.32) 
.19 -.91* 
(.29) (.29) 
-25.66* 
(10.46) 
1.40* 1.55* 
(.32) (.24) 
1.31* 1.47* 
(.30) (.22) 
.2.11* 4.33* 
(.67) (1.75) 
1.47* 19.84 
(.41) (11.63) 
13.57* -1.02* 
(3.26) (.31) 
-.88* 1.49* ,09 
(.32) (.50) (.15) 
.84 
(.68) 
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Table 6.31, (Continued) 
Equation and 
transforma tion 
Dep. 
Var. 
*37 *38 *40 
APF 
*41 
MP/PR 
t 
*42 
PPp/PFL 
t 
MP^WR 
t 
1.5-0 4 .47* 
(.14) 
2.5-0 4 .47* 
(.14) 
3.5-0 53 .40* 
(.15) 
4.5-0 53 
5.5-0 53 
6.6-0 4 14.30* 33.60* 3485.89 19.26 
(5.89) (7.39) (1924.99) (9.77) 
7.6-0 53 7.25* 
(2.31) 
8.6-L 53 4.50* -6.26* 3.82 6.86* 
(1.27) (1.12) (2.39) (1.16) 
9.7-0 4 -1.32* -1935.71* -310.83 127.48* 
(.34) (415.93) (1601.86) (25.72) 
10.7-0 4 
11.8-0 4 
12.7-L 4 .98* 
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Table 6,31. (continued) 
Equation and 
transformation X55 X57 Xgg Xgg Xgi 
Dep. GP GP 7,DCR %DCR tS/F 
Var. t t-1 t t-1 t-1 
1.5-0 4 -3.45* 
(1.53) 
2.5-0 4 -4.48* 
(1.65) 
3.5-0 53 -5.22* 
(1.63) 
4.5-0 53 -2.01 
(2.38) 
5.5-0 
6.6-0 4 
7.6-0 53 -.12* .29 -.17 
(.05) (.13) (.12) 
8.6-L 53 4.49 
(1.85) 
9.7-0 4 1.85 
(3.85) 
10.7-0 4 -.27 -.57* 
(.27) (.27) 
11.8-0 4 .42 1.07* 
(.35) (.42) 
12.7-L 4 -.26* -1.01 
.35* 
(.09) 
(.06) (1.37) 
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Table 6.31. (Continued) 
Equation and 
transformation*^ X^y X^g Xyg X73 X^, 
Dep. Dg PRC PRC PRL MP/LWR PRL/PRC 
Var. t t-1 t-1 t-1 t-1 
1.5-0 4 97.40 1.96* 
(228.91) (.24) 
2.5-0 4 207.46 1.67* 
(235.09) (.19) 
3.5-0 53 -9.15 1.45* 
(221.52) (.17) 
4.5-0 53 -1.62* 1.52* 
(.55) (.27) 
5.5-0 53 -1.78* 1.65* 
(.51) (.22) 
6.6-0 4 -1.03* 19. 60* 
(.30) (7. 94) 
7.6-0 53 -.72 9.26* 
(1.86) (1.23) 
8.6-L 53 844.63* -481.42 
(423.97) (336.85) 
9.7-0 4 -5.81 24.79* 
(4.75) (6.61) 
10.7-0 4 27.58* 
(4.05) 
11.8-0 4 
12.7-L 4 -598.29* 
(253.93) 
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Delta States, Both product prices and weighted cash receipts 
are shown to be significant influences on machine purchases 
in the Southeast in Equation 8,6» 
The ratio of prices paid for production items to prices 
paid for family living items is shown to be related negatively 
to machinery purchases in the Delta States and positively to 
machinery purchases in the Southeast, As pointed out earlier, 
farm machinery purchases can expand as production input 
prices increase relative to prices of family living items 
only if farmers restrict their consumption of family living 
items in the short run or are able to relax the capital 
constraint in the long run or both. Equations 8,6 and 9.7 of 
Table 31 suggest that farmers in the Southeast are more 
willing or perhaps, better able to restrict consumption of 
family living items in the short run than farmers in the 
Delta States because of the level of farm income is higher in 
the Southeast than in the Delta States, Farmers in the Delta 
States may be operating near the subsistence level of con­
sumption of family living items. They can not restrict 
consumption of consumer goods even in the short run. 
The income elasticity of the demand for all farm 
machinery in the Delta States is 3*60, only slightly higher 
than the regions discussed previously. Farmers' liabilities 
appear to be an important determinant of total investment in 
farm machinery in the Delta States in Equation 9.7, High 
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liability levels may restrict investment more because of 
their affect on creditors' willingness to extend credit for 
machine purchases than on farmers' desire for more machinery. 
Farm machinery purchases in the Delta States decrease as 
farms become larger. In the Southeast, larger farms are 
associated with more machinery purchases. 
Product and factor prices and price relationships are 
significant in Southern Plains farmers' decisions to buy new 
farm machinery, according to Equation 1.8 of Table 6.32. 
However, Equation 2.8 shows that government payments to 
farmers, the percentage change in cash receipts and lagged 
product prices alone explain about 86 percent of the varia­
tion in farm machinery in the Southern Plains. "When both 
cash receipts and price relationships are considered, the 
price relationships seem to have a greater influence on farm 
machinery purchases than do cash receipts. 
Approximately 99 percent of the variation in total farm 
machinery purchases in the Mountain states is explained by 
the variables in Equation 4-,9 of Table 6,32. Both agricul­
tural and nonagricultural variables are included in Equation 
4.9. The influences of each of the variables in Equation 4.9 
have been discussed earlier. The income elasticity of total 
machinery demand in the Mountain States is 3•53» 
Government payments to farmers, the percentage changes 
in cash receipts, product prices and product-product price 
Table 6,32, Investment functions for total annual investment in farm 
machinery and motor vehicles from annual data 1946-64; 
coefficient, standard errors (in parenthesis) and related 
statistics 
Southern Plains, Mountain and Pacific 
Equation and 
* Q 
transformat ion Xi2 Xl7 *18 Xi9 %20 *22 
Dep. 2 CR PR PR Fa L CP/A 
Var. R Constant t-1 t t-1 t-1 
1.8-L 4 .97 7.49 -.83* .68 
(.22) (.52) 
2,8-L 53 .86 1.26 
3.8-L 4 .86 4.37 -,90* ,38* 
(.15) (.16) 
4,9-0 53 .99 -62.36 .53* 
(.09) 
5,9-0 53 .91 287.81 7,69* .11 -.36* 
(2.44) (.04) (.27) 
6,9-0 4 .93 21.50 ,03* -1.36* 
(.01) (.34) 
7.9-0 4 .96 97.91 ,04* -2.26* 
(.01) (.37) 
8.9-L 4 .92 1.11 
9.10-L 53 .98 4.40 -1.50* 3,02* 
(.33) (.47) 
10.10-0 53 .96 -53,65 -,02* 1,12* 
(.003) (.23) 
11.10-0 4 .97 53,01 -.04* 
(.01) 
12.10-L 53 .87 309,52 .14 
(.50) 
^Dependent variable is discussed in the text. 
^Variable numbers correspond to numbered variable list at the end 
of chapter 5, 
^The first number is the equation number; the second denotes the 
region. The letters 0 and L refer to original data and logarithmic 
transformation respectively. 
•Significant at the a = ,05 level. 
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^24 ^26 X27 X29 X33 Xgg X40 X42 X44 X46 
tS aS PPp PFL PRL/PRC LP APF PPp/PFL MP/LWR GPDI 
t-1 t-1 t t t t-1 t t 
-1.63* 1.26* .56* 
(.55) (.49) (.12) 
.08 
(.11) 
.51* 
(.12) 
-3.04* 54.40 .55* 2.27 95.00* 
(.50) (41.77) (.11) (1.47) (14.37) 
2.49* -14.04 
(.68) (10.36) 
.30* 48.17* 
(.09) (9.18) 
52.85* 
(7.18) 
.15* 
(.06) 
-.96* .01 
(.10) (.09) 
-6.48 
(3.67) 
27.55* 
(3.66) 
-.10* 8.88* -.51*1056.38* 12.43* 
(.09) (3.01) (.13)(427.12) (5.46) 
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Equation and ^ 
transformation X47 X49 X^^ X55 Xg^ X57 
Dep. PCPR Si LBR T GP GP 
Var. t t-1 
1.8-L 4 
2.8-L 53 
3.8-L 4 
4.9-0 53 
5.9-0 53 
6.9-0 4 
7.9-0 4 
8.9-L 4 
9.10-L 53 
10.10-0 53 
11.10-0 4 
12.10-L 53 
•12.02* 20.64* 
(1.38) (5.08) 
-.10* 
(.04) 
-22.93* 2.19* 
(3.68) (.50) 
-13.78* -.49* 
(3.78) (.16) 
-.17* 
(.06) 
.11* 
(.04) 
-.41* 
(.09) 
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Table 6.32. (continued) 
Equation and 
transformation ^59 ^61 ^64 ^65 Xyg 
Dep. %DCR %DCR tS/F D2 PRL 
Var. t t-1 t-1 t-1 
1.8-L 4 
2,8-L 53 
3.8-L 4 
4.9-0 53 
5.9-0 53 
6.9-0 4 
7.9-0 4 
8.9-L 4 
9.10-L 53 
10.10-0 53 
11.10-0 4 
12.10-L 53 
.04 -1.16 
(.59) (.83) 
3.52* 3.38* 
(1.50) (1.33) 
-.69* 
(.24) 
.20 
(.10) 
-1.44* -.77 
(.55) (.54) 
1.24 
(.71) 
.13 
(.07) 
.008 .30 
(.13) (.18) 
155.94 
(200.94) 
-355.09 
(300.07) 
-165.17 
(258.35) 
7.66* 
(1.25) 
30.30* 
(11.91) 
14.56* 
(5.84) 
72.85* 18.04* 
(14.68) (4.72) 
306.90 
(222.04) 
-120.04 
(152.24) 
—26.68* —1,44 
(8.10) (2.37) 
14.68* 
(6.04) 
.76* 
(.20) 
4.23* 
(.87) 
5.15 
(4.23) 
15.12* 
(1.14) 
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Table 6,32, (continued) 
Equation and 
transformation 
Dep. PPp/PFL PRL/PRC 
Var, t-1 t-1 
1.8-L 4 .98* 
(.17) 
2.8-L 53 
3.8-L 4 
4.9-0 53 385.92* 
(28.97) 
5.9-0 53 
6.9-0 4 407.24* 
(114.75) 
7.9-0 4 355.23* 
(89.73) 
8.9-L 53 1.09* 
(.13) 
9.10-L 53 1.68* 
(.19) 
10.10-0 53 444.27* 
(55.98) 
11.10-0 4 
12.10-L 53 -436.63 
(207,59) 
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ratios are significant in the demand function for all farm 
machinery in the Pacific region according to Equation 11.10 
of Table 6,32, The ratio of machine prices to the farm labor 
wage rate was also found to influences machinery purchases 
in the Pacific region. Equation 11,10 of Table 6,32 shows 
that most of the variation in total farm machinery purchases 
can be explained by income considerations and factor-factor 
price ratios. 
Choice of the most appropriate investment function for 
all farm machinery and motor vehicles in each region should 
be based on availability of data and consideration of the 
types of agricultural production in each region. 
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CHAPTER VII. SUMMARY 
The main objectives of this study were to predict 
national and regional demand functions for all farm machinery 
and motor vehicles, farm tractors, farm trucks, farm autos 
and "other farm machinery" and to test the significance and 
explain the influences of the variables included in the 
demand functions. 
National demand functions were fitted for two different 
time periods; 1911 to 1962 and 1946 to 1962. The latter 
period was studied after it was found that a significant 
shift in farm machinery demand had occurred after World War 
II. Regional demand functions were fitted for the period 
1946 to 1963. 
The single equation least squares estimation technique 
was used in this study. Functions were fitted using both 
original data and a logarithmic transformation of the origi­
nal data. Both data forms yielded useful results. Tests for 
the presence of autocorrelated residuals generally yielded 
non-significant test values. The results of autoregressive 
investigations were presented in Chapter 6, 
In general, the results for the United States as a whole 
and the ten selected regions obtained from the analysis 
appear to conform to the rationale presented for the con­
ceptualized investment equation in Chapter 3, The domestic 
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demand for farm machinery appears to be a function of farm 
incomes, prices paid by farmers for production and family 
living items, farm product prices, stocks of physical assets, 
monetary factors, technology, weather and the continual 
process of structural change. 
Only the domestic demand for new farm machinery items 
was considered in this study. Used machinery demand was not 
studied for two reasons. First, data r&flecting used 
machinery purchases are not available; and second, much used 
farm machinery is reconditioned and exported to Canada and 
the Latin American countries. 
The results of both national and regional investigations 
of the demand for farm machinery have been discussed in 
Chapter 6 and need not be repeated in detail again. However, 
a few general comments on the results of the study may bring 
together the preceeding fragmented discussions. 
Cash receipts, machine prices, land prices, farm size, 
the ratio of production input prices to prices of consumer 
goods and the change in the existing tenure structure explain 
much of the variation in annual U. S. purchases of all farm 
machinery items. The price elasticity of demand for all 
farm machinery and motor vehicles, computed at the means was, 
found to be .85 for the period 1911 to 1962. An income 
elasticity of demand of .3^  was found for the same period. 
Total U. S. tractor purchases were found to be determined 
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primarily by cash receipts, prices of production inputs, land 
prices and several factor-product and factor-factor price 
ratios. The income elasticity of the demand for tractors was 
found to be .84. According to the cross-price elasticity 
of tractor demand with respect to land prices, tractors 
and land are complementary agricultural inputs. 
Farm truck purchases are determined by many of the 
same variables which influence total machinery purchases and 
farm tractor purchases. Cash receipts, auto stocks on farms, 
factor prices and factor-factor and factor-product price 
ratios were found to be important in determining the demand 
for new farm trucks. The income elasticity o^  the demand for 
new farm trucks was found to be ,^ 5 for the 1911 to 1962 
period. 
Included in the "other farm machinery" category were 
such items as grain combines, corn pickers, pickup balers, 
field forage harvestors and etc. According to the income 
elasticity, 1.2, demand for new nonpower farm implements is 
more responsive to changes in the income level than the 
demand for other categories of farm machinery. Most of the 
factors found to be significant in tractor demand functions 
were also found to be significant in demand functions for 
"other farm machinery" items. 
In general, the income elasticity of the demand for 
farm machinery was found to be higher for the period 19^ 6 to 
324 
1962 than for the period 191I to 1962. Farmers' purchases of 
various types of farm machinery are apparently quite respon­
sive to changes in the level of farm incomes in the post-war 
period. The income elasticity of the demand for all machines 
was found to be about 3,66 and was about 9.0 for farm trac­
tors for the period 1946 to 1962. 
Regional differences in demand functions for each 
machinery category are small, but it is interesting to note 
that no single demand function applies equally well to all 
production regions regardless of the type of machine con­
sidered. According to the results presented in Tables 6.11 
through 6.20 and discussed in Part II of Chapter 6, tractor 
purchases in all regions of the U. S., except those of the 
more depressed agricultural regions of the south and east, 
are a function of the level of cash receipts, farmers' debt 
load, the prices of family living items, machine prices, 
government payments to farmers and the percentage change in 
cash receipts. In some areas, the results suggested factor-
factor price ratios should also be included in the tractor 
demand function. 
In the Appalachian, Southeast and Delta States regions 
the level of cash receipts was not found to enter demand 
functions for new tractors. Farmers' liabilities were 
observed to be a major determinant of new tractor purchases 
in these areas. It was suggested that, perhaps, forces 
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external to the farm firm dictated the level of investment 
in new power items. It was hypothesized that creditors may 
restrict investment funds during periods when farmers' 
liabilities are high. In areas of chronic income depression, 
personal liabilities are often high and increasing. The 
credit availability constraint is often a barrier to progress 
and economic recovery. 
Regional investigations of the demand for new farm 
trucks suggest that trucks are purchased as non-essential 
production inputs in many areas. Trucks appear to be major 
production inputs in only the Northern Plains, Southern 
Plains and Mountain regions. The importance of farm trucks 
as production inputs in these regions may be a result of the 
fact that cereal crop production is one of the major produc­
tion activities in these areas. Trucks are important in 
cereal crop production in that they often allow improved 
timeliness of operation and more efficient transportation 
of the crop to market. 
Farmers' liabilities were not found to be as consis­
tently important in regional demand equations for new farm 
trucks as was the case for functions depicting tractor 
demand. Financial assets held by farmers and the level of 
product prices were found to be important determinants of 
truck purchases in most regions. The factor-product and 
factor-factor price ratios found to be significant in total 
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U, S, demand functions for new trucks were also found to be 
important in truck demand functions for most production 
regions. 
Three nonagricultural variables were found to be useful 
in predicting new farm truck purchases in the Northeast, Corn 
Belt, Northern Plains, Southeast and Southern Plains areas. 
The variables are the level of gross private domestic invest­
ment, the interest rate on prime commercial paper and the 
interest rate on intermediate loans. The interest rate on 
intermediate loans should, perhaps, be called an agricultural 
variable because it is the general interest rate charged to 
farmers on loans for purchases of new farm trucks and other 
machinery items. 
The income elasticity of demand for farm trucks ranges 
from about 1.5 in the Delta States to almost 5 in the Corn 
Belt and Northern Plains. Farmers, in areas where trucks are 
not a basic production input, seem to change their pattern 
of truck purchases slowly when income increases relative to 
farmers in the Corn Belt and Northern Plains. 
Demand functions for new trucks were specified for 
all production regions except the Appalachian region. The 
data and the analytical technique used did not allow specifi­
cation of useable demand functions for the Appalachian area. 
A large available power supply appears to generate pur­
chases of "other" machinery items in most of the ten production 
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regions. The fact that "other" machinery purchases increase as 
the available power supply increases supports the hypothesized 
complementarity between "other" machinery and power inputs. 
Complementarity between power and nonpower inputs is also 
suggested by the fact that the same variables, in different 
combinations, used to explain regional tractor purchases may 
also be used to explain regional purchases of "other" 
machinery. 
The income elasticity of demand for "other" machinery 
items ranges from 1,1 in the Northeast and Southern Plains 
areas to almost ^ ,0 in the Mountain states. The percentage 
changes in "other" machinery purchases associated with a one 
percent change in cash receipts, reflected by the income 
elasticity, should be interpreted carefully. In areas where 
the annual purchase of "other'•-machinery is low, large 
percentage increases may result from small absolute increases 
in "other" machinery purchases. 
The discussion of regional total farm machinery demand 
functions is simply an aggregation of variable influences 
across machinery categories within production regions. The 
importance and directional influence of each of the variables 
in the regional total demand equations were presented in the 
discussion of the determinants of regional demand for each 
of the machinery categories. 
Several demand equations were presented for each 
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machinery category in each production region. The coeffi­
cient of determination for most of the equations was above 
,90. Choice of the most appropriate demand function should 
be based on a consideration of available data and an under­
standing of the structural conditions in each production 
region. 
Chapter 8 includes national projections of machinery 
demand for I98O. 
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CHAPTER VIII. PROJECTIONS 
Assumptions 
One of the objectives of this study was to project 
farmers' expenditures on farm machinery in 198O. 
An idea of future economic conditions can be obtained by 
studying and projecting past trends in economic variables and 
relationships. Projections of past conditions indicate only 
what "may be", given a continuation of changes and adjust­
ments consistent with past rates. Projections of past 
economic conditions do not allow consideration of what 
conditions could exist if pasts rates of change and adjust­
ment are not applicable to the future. Neither can objective 
statements of what "should be" done to attain a particular 
objective be made using projections of past relationships. 
Assumptions concerning the general characteristics of 
the national economy and aggregate economic activity must 
be outlined before making projections of future conditions 
in the agricultural sector. It is assumed that U. S. 
economic growth will continue unobstructed by war or serious 
economic recession at least until I98O. Based on trends of 
the last five years, GNP will increase by about 93 percent 
from i960 to 1980. Personal disposable income per capita 
will increase by almost k2 percent during the same period. 
Technological innovation and adoption are assumed to occur at 
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the pace of the current decade. 
The U. 8. Department of Agriculture has estimated that 
cash receipts from farm marketings will increase h2 percent 
from 1962-63 to 1980, The value of the dollar is assumed to 
be constant at the I960 level. If the value of the dollar 
were to decrease the real value of the increase in cash 
receipts will be less. Prices received for agricultural 
products are assumed to decline by one percent by I98O based 
on the projected population and assuming no change in the 
foreign demand for U. S. agricultural products. 
The projected number of farms in the U. S. in 198O is • 
2.3 million, a ^ -2 percent decrease from I960 (^ 5). The 
projected decline in the number of farms results in a 72 
percent increase in average farm size by I98O, A projection 
of the rate of change in average farm size for the last five 
years was used instead of the 72 percent increase. The 
increase in farm size suggests continued existence of cost 
economies of large scale operation. Machinery will continue 
to substitute for labor as depreciated machine stocks are 
replaced by new and larger capacity machines. Larger 
machines will permit one farmer to operate a larger acreage 
and to produce more output per laborer. 
Agricultural output projections for I98O range from ^ 8 
to 52 billions of dollars, a ^ 5 percent increase from I960 
(^ 5)« To reach this output level with a nearly constant 
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level of inputs, agricultural resource productivity must 
increase from two to three percent per year from 1964- to 1980. 
The index of crop production per acre is projected to be 70 
percent greater in 1980 than in the 19^ -7-^ 9 period (4^ .^ 
To project total U. S. farm machinery purchases in 1980 
using the equations discussed in Part lA of Chapter 6, 
projections of several other explanatory variables are 
necessary. Several additional assumptions are necessary to 
derive the projected values of explanatory variables for 
which published projections are not available. 
1. The index of prices paid for production inputs is 
assumed to increase 15 percent by I98O. 
2. The index of prices paid for machinery items is 
assumed to increase 31 percent by I98O; the same 
rate of increase as for the last 10 years. 
3. Land prices are assumed to increase by about 17*5 
percent by I98O, A 17.5 percent increase is about 
equal to the increase in land prices for the period 
1957 to 1962. 
•+. The ratio MP/PR is assumed to increase about 28 
percent as a result of increasing machine prices and 
decreasing product prices. 
5. The ratio MP/PPp is assumed to increase as a result 
of assumptions 1 and 2. 
6. The ratio PPp/PFL is assumed to increase only 
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slightly from 1962 to the level of about 1950. 
7, The ratio PRL/PRC is assumed to decrease as a result 
of the projected 22 percent increase in output, A 
one percent increase in livestock production is 
assumed to be associated with a 1.6 percent decrease 
in livestock price, A one percent increase in crop 
production is associated with a 1,1 percent decrease 
in crop prices, 
8, The proportion of all farm operators who are tenants 
is assumed to decrease about 30 percent by 1980, 
The proportion of all operators who are tenants 
decreased about 30 percent from 1952 to 1962, 
9, The ratio MP/LWR is assumed to remain at ,61, the 
level of the past 7 to 10 years. 
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Table 8.1. Projections of total TJ, S. farm machinery-
purchases and the level of certain explanatory 
variables in 1980 
Variable Actual 
19^ 7 
Actual 
1962 
Projected 
1980 
Equation 
and ^  
table* 
1 Total 23.27 28.60 32.03 3-6.1 
1+ Tractors 4.70 5.16 10.22 13-6.2 
5 Trucks 4.85 3.53 5.25 6-6.3 
7 Other 8.64 9.74 14.06 1-6.5 
11 .313 .292 .414 
27 191.000 266.000 315.000 
31 206.000 398.000 530.000 
35 .620 .910 1.060 
91 230.500 315.800 407.500 
94 .750 1.630 2.080 
97 .920 1.470 1.680 
102 .950 .920 .940 
106 1.100 1.100 .910 
107 1.060 1.110 .910 
114 29.700 19.000 13.100 
118 .490 .610 .610 
h^e first number refers to the equation number. The 
second and third numbers refer to the table from which the 
equations were selected. 
1 
2 
3 
k 
5 
6 
7 
8 
9 
10 
11 
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APPENDIX I 
Sources and Derivation of Certain Data Series 
Time series for several of the variables used in the 
regional analyses of farm machinery demand were not available 
in published form. The procedures used to derive estimated 
series for the unpublished variables are briefly discussed 
below. Sources of regional data are also indicated. 
Annual dollar purchases of tractors, trucks, "other" 
machinery items and all farm machinery and motor vehicles 
were deflated by the consumer price index (19^ 7-49=100) to 
obtain variables 1, 2, 3 and 4 respectively. Variables 50, 
52, and 53 are derived from annual dollar purchases of 
tractors, "other" machinery and all machinery deflated the 
machine price index (1947-49=100), Variable 51 was derived 
by deflating annual truck purchases by the motor vehicle 
price index (1947-49=100), 
Annual regional purchases of the various categories of 
machines were derived by dividing the number of the particu­
lar machines on farms in a given region by the U, S, total 
stock on farms for that machine type (15, 16, 34, 92), This 
percentage was then multiplied by the total U, S, purchases 
to give a regional dollar purchases figure. The formula 
used is given in Equation A,l, refers to the 
machine type in the kth 
3'»7 
(A,l) • s"* = sf 
state in the jth region. is total U, S, dollar sales. 
is total regional dollar sales. This procedure was used 
to estimate regional purchases of farm trucks, other machin­
ery, tractors and total regional machinery purchases. 
Tractor prices are weighted heavily in the U. S. machine 
price index (10^ ). A regional tractor price indicator was 
computed because no published regional tractor price or 
machine price index was available. It was assumed that the 
regional tractor price indicator also reflected the prices 
of trucks and "other farm machinery". The procedure used to 
calculate the regional machine price indicator is outlined 
below. 
Regional dollar purchases, , were divided by region 
units purchased to yield a regional price in dollars. 
(A.2) / 8%* = 
where = regional units purchased and = regional 
dollar price. 
(A.3) ' St 
where 8* = U. S. units purchased. 
(A.4) SÇ = (WS)^  + (DI)t 
3^8 
where (¥S)^  is total domestic wheel tractor shipments and 
(DI)^  is the estimated change in dealer inventory. 
(A. 5) RI^  = / U. S. average machine price (19^ 7-^ -9=100) 
= 
where RI^  is the regional machine price indicator. Combin­
ing Equations A.l through A.^  gives, 
= (fIjk/^ljk) [(WS)? + (DI)?] 
where i = implement, in this case tractors, j = regions 1 to 
10, K = states within regions and t = time. 
Regional cash receipts are in constant 19^ 7-^ 9 millions 
of dollars (109, 110), Cash receipts from crop and livestock 
marketings are from the same sources and are expressed in 
the same terms, 
A regional indicator of prices received was derived by 
dividing regional cash receipts by the index of regional 
output (107). The regional indicator of prices received for 
livestock was obtained in a similar fashion. The indicator 
of prices received for crops was derived by computing a 
weighted regional crop price considering production of 
3^9 
principle crops and their prices in the states of each 
production region. 
The index of deposits in country banks was used as an 
indicator of financial assets held by farmers (3'+). 
Annual estimates of the number of autos on farms were 
derived by interpolating linearly between the numbers of 
autos reported in the census years (92), 
An indicator of regional production item prices was 
obtained by deflating regional expenditures on production 
items by the index of inputs of production items (102, 109, 
110). 
To obtain an indicator for farmers' liabilities it was 
necessary to combine several data series. The available 
series were farm mortgage debt, non-real estate debt (re­
ported as non-real estate loans to farmers by principle 
lending institutions), all loan guaranteed by the Commodity 
Credit Corporation and production credit association and 
federal intermediate credit, operating and emergency loans 
classified as emergency, operating and emergency crop and 
feed loans (108), 
The series above give only mortgage debt and non-real 
estate debt held by major institutions. To derive regional 
non-real estate debt of farmers to miscellaneous creditors, 
the distribution of the latter debt was assumed proportion­
ately equal to the non-real estate debt held by principle 
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lenders in each of the regions. This last assumption is 
subject to some criticism since the I960 Sample Survey of 
Agriculture indicated that the total debt held by non-
reporting creditors at the end of I960 was percent of 
total non-real estate debt in the south and 36 percent in 
the north and west. Substantial region differences in the 
percent of total non-real estate debt held by non-reporting 
lenders was suggested. Since no data were available for 
regional changes in the proportion of total debt held by 
various lenders, the procedure outlined above was used. 
The consumer price index for a major city in each 
region was used as an indicator of the index of prices paid 
by farmers for family living items. Generally, prices paid 
for family living items vary only slightly between rural and 
urban areas within a region. One notable exception exists. 
Rent is usually higher in urban than in rural areas. How­
ever, the first difference between urban and rural rental 
rates is probably nearly constant over time. Consequently, 
the consumer price index does give an indication of the time 
trend and the variation from trend exhibited by prices paid 
by farmers for family living items. 
The regional index of the average value of land and 
building was found in the bulletin "Farm Real Estate Market 
Deve1opments" (112). 
Variables to represent changes in farm tenure structure 
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were computed to Indicate changes in the structural organi­
zation of agriculture. Linear interpolations between census 
ysar values for the proportion of all operators who are 
tenants, part owners and owner operators completed the 
series (103). 
Average regional farm size was found by dividing the 
total land in farms in each region by the number of farms in 
each region (105, 106). The annual estimates of regional 
average farm size were derived by dividing series which 
were obtained by interpolating linearly between census years. 
Two dummy variables reflecting regional weather condi­
tions were constructed. One dummy variable was constructed 
to indicate better than average weather years. 
j o  in average or poorer than average weather years 
°1 = I 
\1 in better than average weather years. 
The other dummy variable was constructed to show poorer 
than average weather years. 
^2 = 
'o in average or better than average weather years. 
1^ in poorer than average weather years. 
The weather index was computed using the general technique 
of Durost and Shaw (83). The index of regional crop produc­
tion was used to indicate yields (107). 
Other variables used in the regional analysis were 
obtained directly from readily available U.S.D.A. publica­
tions (100, 101, 10^ -, 107, 108, 109, 110) etc. The ratios 
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used in the regional analyses were derived by straight for­
ward division of the relevant series. 
